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PREFACE. 



The following pages have been prepared to meet^ and in some degree to supply, 
the demand for practical instruction in Topographical Drawing. The great 
activity which prevails in regard to Internal Improvements, is constantly calling 
into the field numbers of young Engineers; and already many instructive 
works have been addressed to them on almost every detail connected with their 
profession, except map-making. 

The design of this little manual is, to be a practical assistant and office com* 
panion, to be consulted on all matters connected with Topographical Drawing, 
from the first sketch of a preliminary survey, to the complete map. Its scope 
is limited to field and office drawing, and nothing else is treated of, but what 
relates to, or is illustrative o( those departments of Topography. 

With regard to the explanatory figures, the greater part of them are auto- 
graphic, and, of course, inferior in point of execution to the fine engravings that 
usually accompany such works as this. The author would plead that they are 
intended rather as illustrations of methods than specimens of style ; and that 
the student is more familiarly and intelligibly addressed by means of the pen 
and ink, than by the imapproachable perfection of copper-plate. 

The conventional signs everywhere in use, are those here employed and 
explained, but all arbitrary and unnecessary multiplication of them has been 
studiously avoided. 

Wmt Point, N. Y. 
Auffuttf 1854 



iaK u''' . . _ /-^ . yc 

A^ f^' .. ^ . I9y _ zyy 

(o/, /m^. Z, ^-trr" cl^cot^ £g^ \^4,^i=c cCrt^^^ J0.^ 
Q/^ Jx^. 3^ ^IfO I/lC ryi^UPi^^4-eu Cryv l^ ^^^ ^l^ i-t^ 



iyitJLi, 



I >. 



M 

It 
«( 
«( 
l( 
(I 



7,8. QoalitieBofpeiisandpexioUa. 
9. H<nr to draw Unw wftU the inila and by liand. 

10. Necessity of ruling and constructing all lines and angles drawn. 

11. Order of parts to be considered in making a drawing. 

12. Means of ayoiding confusion in copying many linea 
18. Precautions to be observed in the progress of the drawing. 

TOPOGBAPHICAL DRAWING, 

Par. 1. Definitions ; classification of objects to be described. 
** 2. Of the character of the conventional signs used. 
'* 8. Two systems of drawing hills — the horizontal and vertioaL 
*' 4-6. Description of the horizontal system, of the curves of a hill, 

and their projection upon a horizontal plane. 
" 7. Distinction between hills and hollows. 
" 8. Groimd between the curves supposed to slope uniformly. 
Definition of horizontal zone, and mode of its generation. 
** 9. Relation between plan and profile^ and how the former 

expresses the relative inclination. 
" 10. How to find the actual inclination. Scale of inclinations 
constructed and appUed. 
li. Experimental illustration of the formation of horizontal zones 

and their curves, in the pyramid, cone, and hemisphere. 
12. Method of drawing intermediate curves. Principle on which 

hills are shaded in the horizontal system. 
18. Practical directions and remarks on the horizontal system. 
14. How the actual slope of the ground is expressed in the hori- 
sontal system. 



« 



u 



« 



':<■- 



. ■> 



'M 



CONTENTS. 



<^^^M^^W»#M»<»i» 



Introduction, ix 

Par. 1, 2. Maimer of adjustixig the margins of a drawing. 
" S, 4. How the lead pencil is to be used in drawing lines. 
" 5. Means of facilitating the reduction, enlargement^ or copying of 

Maps. 
" 0. Indian ink, how prepared for use and tested. 
" 1, 8. Qualities of pens and pencils. 
" 9. How to draw lines with the rule and by hand. 
** 10. Necessity of ruling and constructing all lines and angles drawn. 
" 11. Order of parts to be considered in making a drawing. 
" 12. Means of avoiding confusion in copying many linea 
" 18. Precautions to be observed in the progress of the drawing. 

TOPOGBAPHICAL DRAWING, . . . . : 1 

Par. 1. Definitions ; classification of objects to be described. 
'* 2. Of the character of the oonventional signs used. 
'* S. Two systems of drawing hills — the horizontal and yertioaL 
<* 4-6. Description of the horizontal system, of the enryes of a hill, 

and their projection upon a horizontal plane. 
** 7. Distinction between hills and hollows. 
" 8. Ground between the curves supposed to slope uniformly. 

Definition of horizontal zone^ and mode of its generation. 
** 9. Relation between plan and profile^ and how the former 

expresses the relative indinalaon. 
** 10. How to find the actual inclination. Scale of inclinations 

constructed and applied. 
" li. Experimental illustration of the formation of horizontal zones 

and their curves, in the pyramid, cone, and hemisphere. 
** 12. Method of drawing intermediate curves. Principle on which 

hills are shaded in the horizontal system. 
" 18. Practical directions and remarks on the horizontal system. 
** 14. How the actual slope of the growid is expressed in the hori- 

sontal system. 



*' 



V 






Viii CONTENTS. 



Par. 15. Manner of representing bodies of water in the horizontal 
system. 

" 16. The vertical systom defined. Line of greatest descent — how 
determined. It expresses the true direction of the slope. 

" 17. How the degree of inclination is to be expressed by the lines 
of greatest descent. Two methods — German or English, 
and French. 

'* 18. German method. Principles of vertical illumination. 

'* 19. Natural limits of the slopes represented. Construction of 
Lehman's scale of shade for every five degrees of inclina- 
tion. 

" 20. Proportions of the black and white in Lehman's scale expressed 
in arithmetical ratios. 

*' 21. Practical method of expressing these ratios by shading lines. 

" 22. How to apply the scale to, the zones of a hill in shading it 

" 23. Rules for finding the ratio of black and white for a given 
slope; and for finding the slope, having the ratio given. 

" 24. How the scale may be constructed for smaller variations of 
slope. 

" 25. Necessity of frequemtly drawing the scale of shade. 

** 26. French method of using the line of greatest descent. Arith- 
metical expression for the degree of declivity. Limits of 
slopes to be delineated, and of scales suitable for shading 
lines. 

'* 27. First rule, for determining the intervals of the shading lines. 

" 28. Practical method of applying the first rule. 

" 29. Method of drawing medial horizontal curves. 

*' 80. Second rule, for determining intervals, and its application. 

" 81. Application of the rules to the scale of one foot to the mile. 

" 32. Third rule, for determining the thickness of the shading lines. 

" 83. Of the length of the shading lines. 

84, 86. Scale of spaces or intervals : its construction and uses. 

86, 37. Tangent movable scale, its construction and application. 

" 38. Application of principles possible without constructing every 
shading line. 

" 89. Table of intervals and thickness of lines, (&c., corresponding to 
different scales, and method of calculating it. 

40, 41. Bemarks on the application of these principles to maps. 

" 42. Modification of Lehman's scale of shade by XJ. S. Coast Survey. 

" 48. Construction of the scale thus modified. 

" 44. Further modification and simplification of the scale of shade. 

" 45. Thickness of shading line in Lehman's scale arbitrary. Con- 
ditions regulating it. It is determinate in the French 
method. 

** 46. Scale of shade further reduced, for field sketching. 

** All, Principles and practice of sketching in the field. Description 
of sketch-book. Examples. 



4< 



«l 



4( 



<( 



<f 



l< 



CONTEKT8. IX 

Par. 48, 49. Ihractical remarks on field sketching without the aid of snr- 
veying instruments. 

40. Use of the lead pencil in topographic sk-etehing. 

41. How slopes greater than 45° are represented in the horizontal 
and vertical systems. 

** 42. Practical instructions in drawing hills According to the ver- 
tical system 
•58. Conventional signs for representing other topographical fea- 
tures. Bodies of water, ponds, streams, .Ac 
54 Sign for ponds, rivulets, and tides. 
" 56. Method of representing jnarshes. ........ 

56. Signs for forest, orchard, and detached trees. 
57-60. Cleared land, cultivated land, brushwood, and sand. 

61. Signs for building, and other topographical minutiae. Method 
of drawing Toads with a righlrline pen. 

62. Proportion between conventional signs and the scale of th« 
map. 

** 68. The use of colors in topographical drawing. 

" 64. Method of stretching paper to receive colors. 

** 65. How the outline is to be drawn, and the paper washed. 

" 66. List of colors to be used. Their properties. 

" 6Y. How to prepare and lay on a flat tint, what precautions to be 
observed, and how to repair defects. 

" 68. How to lay on the double or alternate tint. 

*' 69. Application of tints as conventional signs for water, sand, cul- 
tivation, cleared land, brushwood, buildings, and roads. 

70, 71. Description of the signs in color for forest and marsh. 

*' 72. When to use tbe colors without rubbing them as for a flat tint 

** 78. Method of representing slopes in a tinted drawing. 

" 74. Remarks upon the qualities and relative intensity of the tints. 

" 75. The lightest tints of the map to be laid in first 

76, 77. Variation in depressing cultivation. Different kin^s of in 
closures. 

** 78. Of lettering a drawing. 1. The proper time. 2. Hie size 
of the letters — ^four sizes, and their applications. Table of 
the proportions of the lettering to the sbale. Thickness of 
the letters, <fec. 

" 79. Practical directions for the study of the formation of lett^n. 

'* 80. Border, title, meridian, and scales, necessary for a map. . . 

** 81. Proportions o( and method of drawing the border. 

** 82. Description of the title, and how to insure its symmetry. 

** 88. The meridian : necessity of it, and practical method of deter- 
mining it on the grpund by means of a watch. 

** 84. Two scales required-^ne for horizontal distances and one for 
declivities. 

" 85. Bemarks on the conventional ugns for topographical mi- 
natin. 



X OONTBNTfi. 

Of Scales, . » 45 

Of the selection of a scale ; what scales are conyenient, and 
what inoonyenient ; examples of each. The scale for mea- 
suring distances ; its constraotion and nse ; example. The 
scale for laying ofif distances ; its principles and construe 
tion; examjdes of ih% diagonal scale of equal parts for 
decimal ratio& Method of constructing this scale for 
ratios not decimal. Examples of yarious scales. Capa- 
bilities of different scales for escpressing features of ground. 
Comparison of decimal and other scales. 

Of Meridians and Parallels of Latitude, 50 

Limits to the use. of ri^t lines for meridians and parallels. 
Practicjitl method of drawing meridians and parallels when 
they are projected in right lineia^ and when they are 
curyed, with examples^ and tables for eonyerting, in all 
latitudes^ a degree of longitude into geographical and 
statute miles. 

Of Projecting Horizontal Curves, from the Notes op 
A Survey, 56 

Slope of the ground between the stations supposed to be uni- 
form.. Proportion between the horizontal distance and 
the rise or fall to be considered; example. Manner of 
marking out ground for a leyel suryey. Plane of reference 
and reduction of leyels. Mechanical method of finding the 
horizontal distances between curyeai Description of the 
proportional scale. Application of the scale in the con- 
struction of curyes from the suryey of an area of one 
hundred feet square. 

Of Tracing Curves under Water, by means of Sound- 
ings, ,.•».. 59 

Location and projection of lines of soundings. Distribution 
of the soimdinga^ and determination of points of the curyes. 
Practical method of distributing soundings oyer a giyen 
line. 

Problems connected with Drawing or Copying Maps, . 60 

Prob. 1. To construct a square that shall bo a multiple of a giyen 

square. 
" 2. To construct a square that shall be equal to |, i, Ac, of a 

giyen square. 
" 8. To construct a square that shall be in any proportion to a 

giyen square. 
'* 4. To construct a rectangle similar to a giyen rectangle 



INTRODUCTION. 



1. When a topogfn^cal dnwmgf is to be made with the pen, upon Demy or 
Royal paper, select tiie smooth side of it, and draw the rectangle intended to 
contain the map, in the middle of the sheet To do this, find the intersection of 
the two diagonals of the paper, by laying a mle from comer to comer, and 
drawing light pencil Imes near the middle. This intersection will be the middle 
of the sheet; with which the centre of the drawing must coincide. Draw 
through this central point a line parallel to the lower edge of the sheet, then 
perpendicuhir to this, and through the same central point, another line. The 
former of these central lines will give the direction of the upper and lower bases 
of the drawing, and the latter that of the ujnigfat udes. Lay off, from the 
central point, to the right and left, on the horizontal central line, distances 
equal to half the base of the required rectangle, and through the points thus 
found, draw lines pamUel to the upright central line : these will be the indefinite 
upright sides. Then through two points on the upright central line, at dis- 
tances above and below the centre equal to half the altitude of the required 
rectangle, draw lines parallel to the horizontal central line, and these will com- 
plete the rectangle and form its upper and lower bases. 

2. If the drawing is not a square, the longest line of its margin must be laid 
in the direction of the longest edge of the paper. 

3. When a drawing is to be finished with the pen, it should be always borne 
in mind that the lead-pencil is used only as a guide, or preparation for the pen, 
and that all pencil lines, without exception, must be drawn very ligMy^ with a 
moderately hard pencil, finely pointed, which being drawn two or three tunes 
over a line with a very slight pressure, will produce a mark which may be seen 
very distinctly, and be easily rabbed out afterwards. 
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4. Ruled pencil lines should be drawn a little beyond their exact length, for 
in going over them afterwards with a pen, their intersections can be more readily 
distinguished by means of these projecting ends of the lines. 

5. In copying from a drawing, it is usual, in order to facilitate the getting in 
of the outline, to draw a number of lines of some simple arrangement upon the 
model, and to do the same with the rectangle in which the copy is to be 
made. The easiest method is to divide the drawing into squares, whose ^des 
are in direction parallel to the margin lines respectively, and in length some 
multiple of the Shorter side of the drawing, such as |, -^^ or -j^. It is evident, 
however, that any kind or number of lines drawn upon the model will answer 
the same purpose, provided the proposed copy is treated in exactly the same 
manner. Having, then, these similar systems of lines, it will be easy to cause 
the outlines in the copy to pass through squares corresponding to those of the 
model. This process at once suggests the method of enlargiog or reducing a 
drawing by increasLag or diminishing the sides of the corresponding squares. In 
comparing the proportions of similar drawings, linear measure is always used ; 
e. g., a drawing is said to be twice the size of another when it is twice as high 
and twice as wide, though it contains four times the sur&ce. The squares must 
be drawn in pencil, and lightly, as they would disfigure the drawing if they 
could not be entirely removed, 

6. Indian Ink is used in finishing pen drawings. It should be of the best 
quality, which insures its quick and perfect mixture with water, and should be 
rubbed up perfectly black, in a small plate, as pale ink makes tiie boldest draw- 
ings look weak. To test its blackness when mixed, take some in a pen, make 
a pretty broad mark with it upon white drawing paper, and wait until it dries, 
when it will display its true strength. After it has become black, it is ready 
for use, and any further mixing will make it viscid. 

7. The steel pens now so generally used are perhaps the best for drawing, 
and tend to produce, by their superior durability, an evenness of style. The 
pen should be not too elastic, nor should it be easily turned from its direction 
by an increase of pressure upon it. Some draftsmen prefer quill pens, which, 
when of a good quality, well made, and frequently renewed, are certainly unob- 
jectionable. 

8. Pencils, as before remarked, should be moderately hard for line drawing, 
Faber^s No. 3, or Wolff's HHH are of the proper hardness. They should be 
pointed by rubbiog them on a piece of fine sand paper. (Par. 3.) 

9. In general, all lines drawn by hand (that is, without ruling), are more 
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easily drawn towards the body; and with this view, a topographical drawing 
should be turned on the table in any way that will facilitate that manner of 
drawing. Ruled lines are more conveniently drawn from left to right (always 
along the upper edge of the rule), and for that purpose also the drawing should 
be turned in any direction. But in copying the outlines by the eye, both the 
model and the copy must be placed upright before the draftsman, so that the 
line he is engaged in drawmg may be really parallel to the one he is copying. 

10. No line that is tneant to be a straight line should be drawn by hand. 
Right lines, whether in pen or pencil, must invariably be ruled, no matter how 
short they may be ; and if kx ink, should be drawn with the right-luie pen. Nor 
should a right angle ever be guessed at. All square comers, whatever be the 
^ortness of the lines forming them, must be constructed with the proper instru- 
ment Pamllel lines also, no matter how short, must be constructed, 

11. In making or copyhig a drawmg, begin with the principal lines in it ; for 
example, if a broad stream or an extended sheet of water be represented, begin 
with that ; then proceed to the roads, and smaller streams. Prepare everything 
completely in pencil, before taking up the pen to finish ; for in doing so, the 
progress of the work is more satisfactory and apparent 

12. In copying lines which are so close together as that many of them are 
contained in a single square (which is sometimes ihe case with horizontal curves), 
that square can be subdivided on the model and on the copy, by joining the mid- 
dle points of the opposite sides, so that one square will be made mto four. Or, 
oiiiy alternate curves may be studied and drawn, and the intermediate ones can 
afterwards be easily introduced. 

12. Let the drawing be kept clean. A piece of thin paper should be con- 
stantly interposed between its face and the draftsman's hands. The hik plate 
should be kept on one side, and never in front of the drawing. Preserve the 
paper on which the drawmg is in progress from being braised : it should never 
hang over the edge of the table where the body or arms can press upon and 
break it 



TOPOGRAPHICAL DRAWING, 



1. Topography is the art of describing the minute feature? 
of the earth's surface. Topographical Drawing consists in 
representing, by lines, or some other conventional expressive 
means, the exact shape and figure of the ground in a particu- 
lar locality, as well as the dimensions and positions of all 
objects situated upon its surface. Two classes of objects pre- 
sent themselves for description; the one natv/ral^ including. 
Ist. — mountains, of every extent, their slopes, their rocky sides, 
their gorges and valleys, and in general, every inequality in 
the surface of the ground ; 2d. — bodies of water, as the sea, 
rivers, brooks, lakes, ponds, and marshes ; and 3d. — all natural 
productions or conditions of the ground, such as forests, heath, 
meadows, sand, &c. The other class comprises artificial works, 
such as buildings, inclosures, cultivation, roads, &c. Of tliii^ 
latter class, buildings may be divided according to their im- 
portance, as churches, country-seats, farm houses, &c. In- 
closures may be variously represented as ditches, hedges, 
walls, or fences. The different kinds of cultivation need not 
to be discriminated ; but where a distinction is desired, it is 
better to display it by lettering the ground neatly. Koads, or 
communications, are distinguished as turnpikes, railroads, 
canals, cross-roads, foot-paths, fords, &c. 

2. Every topographical drawing addresses itself to the eye 
as if the spectator were situated above, and looking down 
equally upon every part of it. In representing therefore upon 
such a drawing the relative positions and the dimensions of 
objects, accurate measurements, according to some assumed 
scale, are used, and distances are laid off, as in any other plan- 
drawing. But in expressing the nature of objects, many of 
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them' not being bounded by mathematical or regular lines, 
recourse is had to certain conventional means, universally- 
agreed upon among draftsmen. In some instances, the signs 
thus used are made to resemble, in some degree, lie objects 
for which they stand, as in the case of forests, rocks, meadows, 
&c. In others, they are purely conventional, as in the case of 
hills, water, marsh, &c. The pen, the brush, and the pencil, 
by means of lines or colors, offer facilities for topographical 
drawing, which it is proposed to consider in the order in which 
they are mentioned. 

3. The first characteristic to which we naturally direct our 
attention in regard to the topography of a locality, is the 
variation in the surface of the ground, with reference to hiL, 
valley, and plain. The two general systems of delineating 
with the pen these important features, will first be noticed. 
These are called, respectively, the horizontal and the vertical 
system. 

4. First The Horizontal System. — ^This consists in intersect- 
ing the inequalities of the ground by a series of horizontal 
planes, at equal vertical distances apart, and " projecting" upon 
the map the curves in which these planes intersect the surface. 
To explain this process by a familiar illustration, let us suppose 
a hill, rising out of the water, as in Mg, 1, where such a hill is 
represented in profile — AB being the water-surface. If we 
should walk completely around the base of this hill, exactly 
along its water-mark, we should follow a perfectly levei^ or 
horizontal curve^ for it is formed on thp hill side by the horizon- 
tal surface of the water. This water line may then be called, 
a curve " cut out of the hUl hy a horizontal plane,^^ and, as 
such, we may measure its dimensions, determine its propor- 
tions, and draw, or "project" it on our plan. 

6. Suppose, now, the water to rise one foot. A new curve 
will be defined on the hill-side, in a manner similar to the 
first, and at a vertical distance of one foot above it at every 
point. This new curve will possess properties similar to 
the first one, and may, like it, be determined and projected. 
CD is the plane of the second curve. In the same manner, 
the planes of other curves, at the same vertical distance apail, 
may be conceived, and the curves measured and drawn, as EF, 
GH, IK, and LM. 



6. Let the curves now be projected upon a horizontal plane ; 
that is, suppose the eye to be placed above the hill, so as to 
look directly down upon every point of its sur&ce. The curves 
will then be drawn, as in Fig. 2 (tie shading lines excepted). 

7. In this topographical plan, each of the horizontal curves 
gives us, throughout its length, an exact idea of the shape of 
the ground. If we know (as is always known from the other 
parts of the map) that the vrmer^ or smallest curve, is elevated 
above the others, then we have the representation of a hill. If, 
on the contrary, the outer curve is elevated above all the 
others, then our drawing represents a hcUow, 

8. In the spaces between these horizontal curves, or sections, 
we are necessarily left in ignorance of the precise form of the 
ground. But our knowledge will increase with the number 
of curves we have ; and if they could be drawn at very small 
vertical distances from each other, or nearly in contact, we 
should have an almost perfect representation of the slope. 
This, however, is neither practicable nor necessary, for when 
we have obtained such a number of sections as will furnish a 
knowledge of the ground sufficient for the purposes required 
(and this number may be increased according to the require- 
ments of the case), it is allowable, and customary, to consider 
the ground between any two sections as sloping uniformly. 
The space between any two of these curves is called a hoHzon- 
tal zone. This zone may be considered as generated by a 
straight line, placed in the direction of the slope of the zone, 
and touching loth of the curves, and which, being kept nor- 
mal* (perpendicular) to the upper one of the pair, is moved 
around the bill, fulfilling constantly the above conditions, imtil 
it returns to the point whence it set out. The successive posi- 
tions of this line are the elements, constituting the surface of 
the zone. 

9. A comparison {Figs, 1 omd 2) of the curves with the cor- 
responding profile, will show that where the hill is steep, the 
horizontal sections are projected close together, and that 
where the hill is not so steep, they are projected at a 
greater distance from each other ; and in proportion to the 



* A normal to a cture is a right line, which is perpendicular to a tangent to 
tibe cnrye, at the point of contact 



proximity or remoteness of the sections, is the steepness or 
gentleness of the declivity. This proportion will always exhibit 
the rd<Ume degrees of the slope at any part of the surface. 

10. In order to iind the actual inclination of a zone at any 
place, fbad the element at that place by drawing a normal to 
the upper curve of the zone. Construct, with the normal line 
m n {Fig. 2) so found, as a base, and with the known vertical 
distance between the sections as an upright, a right angled 
triangle ; its hypothenuse will be equal to the true line of the 
slope, and the acute angle at the base will be equal to the angle 
of inclination required.. 

This triangle is seen at AGa {Fig. 1), and the angle CKa 
is the angle of inclination. Or construct, for all cases, a scale 
of inclinations, as follows : — ^Draw the lines AO and OB (Fig. 
3), forming a right angle at O. Lay off with a protractor, the 
lines O 5, O 10, O 15, O 20, ifec, making, with OB, angles of 
5% 10°, 15% 20% &c., successively up to 46°. To use this 
scale, draw the line CD parallel to OB, and at a distance above 
it equal, according to the scale of the map, to the vertical dis- 
tance between the horizontal sections. Having, as aforesaid, 
found the normal at any point, take its length in the dividers 
(or compasses), set one foot of the dividers at C, and the other 
towards D, on the line CD, and observe its position with re- 
gard to the intersections of CD with any of the lines O 5, O 10, 
&c. Eor example, should the length c^ the normal be C^, the 
inclination is 5° ; should it be C^, it is 10° ; should its extre- 
mity fall aty*, midway between e and g^ the inclination is 7i°. 
K it fall at a point not easily determined as to its position, 
draw a line from O through it, and measure, with a protractor, 
the angle formed with OB. This scale may be made more 
exact, by laying off angles of less than 5°. 

11. To show how these horizontal sections contribute to the 
knowledge of forms. Figs. 4, 6, and 6, are plans and profiles of 
the pyramid, cone, and hemisphere. The upper portion of 
Fig. 4 is an elevation — ^that is, a vertical view, or " projection" 
of a square, right pyramid. It exhibits the verUoal dimen- 
sions. Suppose this pyramid to be three inches in height, and 
to be made of wood, or some soft material. Drill a fine hole 
from the apex to the middle of the base ; it will pass through 
the central line, or axis, of the figure, and will be perpendicu- 



lar to the base. Suppose, now, that we saw or cut the pyra- 
mid into six slices, i inch thick each, by passing the saw 
parallel to the base at each cut. Set up the pyramid again, 
pass a stiflF wire or needle through the drilled axis, and place 
it upon a sheet of paper on a horizontal table, so that one of 
the lines forming the base shall be parallel to, or coincident 
with, a right line drawn on the paper. Press the wire-axis, so 
as to mark the centre of the base, and draw a pencil line 
around the base of the body. This will be the lower outline of 
the undermost zone. Kemove now, the lowest slice, and let 
the next one above come down upon the paper, keeping the 
axis in the same place, and the sides of the base in the earns 
direction as before. Draw a line around this new base with a 
pencil, and it will give the upper outline of the undermost 
zone, or, which is the same thing, the lower outline of the 
zone next to the lowest one. By repeating this operation in 
the same way, we shall obtain the upper and lower outlines of 
all the six zones of the figure. The upper outline of the upper 
zone is the apex, and will be represented by one point, in the 
middle of the base. The sections of such a pyramid will 
thus be found to be a series of concentric squares, whose ver- 
tical distance from each other is the assumed thickness of tlie 
slices into which it has been divided, and whose horizontal dis- 
tance apart is the base of a right-angled triangle, whose per- 
pendicular and hypothenuse are respectively the vertical 
thickness of the zone, and the length of the normal, or true 
slope of the zone. (See Mg. 4, at a, J.) 

The same method of demonstration, and the same remarks, 
will apply to the cases of the cone and hemisphere; and an 
examination of the figures (5 and 6) will show the manner of 
drawing, and connecting the vertical and horizontal projections 
(or the d&oations and plcma) of those bodies, when treated in 
the same way as the pyramid we have been considering. 

The sections of the cone (a right cone with circular base) 
and of the hemisphere are concentric circles. In the case of 
the cone they are equidistant, and their horizontal distance is 
found as in the pyramid. This equidista/nce of the sections 
indicates a vniform decHmty, In the hemisphere the upper 
sections are more removed from each other than the lower, and 
the horizontal distance between them diminishes rapidly as we 
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approach the lower ones, which mdicatee an moreaae in the 
declivity {Fig. 6). The eye should be familiarized with this 
kind of projection, so that a distinct idea of the form of anj 
object may be received or conveyed by means of sections cut 
out by equidistant horizontal planes. 

12. "We have thus far considered a hill as given only by such 
a number of sections as could, or needed to be accurately de- 
termined by survey or otherwise, assuming the slope between 
these determinate sections to be umform. But we can now 
fill up this skeleton plan, and draw any desired number of 
curves in each zone, by dividing and sub-dividing the normals 
by medial sections. If we draw through the middle points of 
the normals of any zone a medial line, we shall have (by the 
principle — JPar. 11 — ^that equidistant sections indicate uniform 
slopes) a new curve cut out of the surface by a medial hori- 
zontal plane. Dividing medially these secondary zones, we 
shall obtain two more auxiliary curves, and so on for any 
number. 

It is upon this principle that drawings are filled up or shaded, 
in the horizontal system. When we have determined and pro- 
jected a sufficient number of curves, so that the assumed uni- 
formity of slope between them does not differ essentially from 
the truth, we can proceed to fill in, without constructing them, 
as many curves as it may be desirable to have in the spaces 
between the determinate ones. And if we keep always the 
same number of shading lines within each pair of curves, they 
will, by their proximity or remoteness, as the width of the zone 
diminishes or increases, serve to show the relative steepness of 
the slope. The darker shade produced by their drawing closer 
together, and the lighter color caused by their separation, will 
contribute to the same effect. And it is from this (in con- 
nexion with vertical illumination, which will be referred to in 
explaining the vertical system) that has been derived the con- 
ventional idea that a dark color represents a steep slope, a 
lighter color a more gentle one, and perfect white a level. See 
Fig. 7 for an example of this method of finishing hills. 

18. Pbaotioal DntEOTioNs and Eemabks on Dbawing a Hill 

AOOOBDING TO THE HoBIZONTAL SySTEM. 

Having prepared the outlines of the drawing in light pencil 
lines, including the skeleton curves of all the hills or hoUows, 



proceed to finish with the pen and ink. In commencing the 
shading Unes, place the drawing on the table so that the sum- 
mit of the hill shall be towards the left hand (see Fig, 2). Tten 
draw (towards the body) as many lines within thef highest pair 
of curves (say six, more or less, according to the large or small 
scale of the map), as you intend to put in each horizontal zone. 
Thus, if the determinate curves are constructed at a vertical 
distance of one foot apart, our auxiliary ones will be about two 
inches apart vertically. K the scale is smaller, and the deter- 
minate curves are drawn six feet apart, our shading lines will 
have a vertical distance of about one foot. Draw the lines 
with firmness, and let them have a length varying from about 
J of an inch to about I of an inch, according to the width of 
the zone, that is, according to the greater or less degree of 
declivity {Fig> 2, at o and j?). Where the hill is steep, the 
lines are heavy and short; where it is less steep, they are 
longer and lighter, and in approximating the level they 
must be drawn as fine and clean as possible. Let them divide 
equally the space between the curves. Gk) all around the 
hill in this manner, in each zone, before commencing tlie 
one next below it, turning the drawing on the table so as to 
draw always towards the body, increasing or diminishing the 
distance between the lines as the width of the zone varies, so 
that they just till the zone evenly ; and finish by joining them 
together where they began. Proceed in like manner witli the 
second zonfe, and so on to the bottom of the hill. Inasmuch 
as we have the form of the hill accurately defined in pencil by 
the skeleton of curves, it is not absolutely necessary that, in 
shading, the accessory curves should be rigorously eof^nutms, 
A slight variation in their position at the joints, provided they 
do not wander out of their zone, imparts a degree of freeness 
to the style. Be careful to connect the sets of lines together, 
end to end, so that the groups shall not be separated by a va- 
cant space {Fig. 2, at r\ or be overlapped by thrusting the lines 
of one group between those of another {Fig. 2, at a). Endeavor 
to obtain a clear, even tint. Do not let the junctions of the 
groups in the different zones form continuous lines down the 
hill {Fig. 2, dy d), but let them " break joints," by frequently 
bringing a junction opposite to the middle o{ the group in the 
zone above {Mg. 2, at e, e^ e). 



14. When a drawing of a liill is finished according to this 
system, and the pencil lines removed, the zones formed by the 
determinate cnrves are no longer distinguishable, and the 
means of asc^ertaining actual heights and inclinations are lost 
This difficulty may be obviated either by marking the deter- 
minate curves by light lines of red, and numbering them ac- 
cording to their vertical distance above or below a certain 
assumed level, and from each other ; or by writing upon the 
map a statement of the vertical thickness of a zone, and how 
many auxiliary sections are contained in it. 

15. Whenever this horizontal system is used in repreaenting 
slop^, the conventional sign for bodies of water consists only 
of a narrow strip of tint, or shade, produced by short lines 
drawn pa/raUd to the hose of the d/rcmmg. Draw these lines 
towards the body, and from the shore outwards, having first 
defined the width of the strip by means of a fine pencil line 
{Fig. 7 at A). 

16. The other method of representing hills, which is called 
the Yeetioal System, is now to be considered. It consists in 
expressing the inclination of a liill-side, by drawing its lines of 
greatest descent. The two required elements are both to be 
exhibited in these lines, viz. the direction and degree of the 
slope. The direction of any line of greatest descent (which is 
the true direction of the slope or inclination), is obtained by 
considering the horizontal sections of the surface. Let us sup- 
pose a hill {Fig. 2) given by its curves. If, from the summit of 
this hill, we suppose water to flow, or a round mass or body 
to be rolled, it will evidently, under the influence of gravita- 
tion, seek the lowest point, and that by the shortest line. This 
path, so described, will be the " line of greatest descent.^^ It is 
further to be observed, that this line will be found constantly 
perpendicular (normal) to the horizontal sections. For any de- 
viation from this direction (Mg. 2, f g) displays a spiral ten- 
dency, or a tendency to move around the hill, which cannot be 
imparted by gravitation.* Having then the horizontal sections 
given, we can always draw, perpendicular to them, any num- 



* Any deviation from a direction perpendicular to the horizontal lines is an 
approximation towards a line of no descent^ and in so far, a departure from a 
line of greatest descent 
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ber of lines of greatest descent, thereby obtaining a complete 
knowledge of the direction in which the ground slopes {Mff- 15). 

17. Hie other, eqnallj important, element of the inclination, 
viz. its degree of declivity, is expressed by means entirely con- 
ventional. Two methods have been adopted for this purpose : 
one depending upon the principle of vertical illumination, in 
which the maximum light is reflected upwards to the eye by a 
horizontal surface, and a minimum by a surface inclined 46^ to 
the horizon. The latter, being the steepest slope at which earth 
will stand, is taken as the limit of least illumination. Tliis is 
the £nglish and German convention, and lays more stress on 
the different proportions of black to white in indicating the 
degree of slope, than upon the distances between the shading 
lines. The other method (the French) makes its expression 
depend more upon the distance between the lines of greatest 
descent than upon the color produced, although in it also the 
tint is graduated from dark to light, or white, according to the 
declivity or level to be shown. These two methods of deline- 
ating hills will be considered in the order in which they are 
named above. 

18. When the surface of the ground is illuminated by verti- 
cal rays, it is evident that the level or horizontal parts will 
reflect upwards to the eye (which is supposed to be situated 
vertically above every point of the map) the greatest quantity 
of light, for the incident rays tlien coincide in direction with 
the reflected ones, the rays of light being supposed to be paral- 
lel. But when a vertical ray falls upon a surface inclined 45*^, 
the reflected ray will be horizontal, since both rays make 
angles of 45° with the line drawn perpendicular to tlie surface 
{Fig. 8). 

19. The natural limits of the declivity of slopes being 45** for 
the greatest, and a dead level for the least, it is required to 
apportion the illumination between these limits, taking black 
to represent a slope of 45°, and white a horizontal plane. Di- 
vide the line A B (i^. 9) into ten equal parts, corresponding to 
the ten steps of a gradation (by 5° at a step), from a level to 
a slope of 45°. Upon the line C D, below, represent in these 
divisions, the different inclinations, viz. a level, a 5° slope, a 
10°, 15°, &c., to 45°. The level is perfectly white. Then there 
are nine degreea' of color to be determined, fit>m 6°, which is 
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the lightefit shade, to 45°, which is black. Divide now each 
of the ten spaces of A B into nine equal parts. To exhibit the 
proportion of black to white in a slope of 5°, make one of those 
parts black ; for 10**, make two black ; three for 15®, and so 
on to 45®, where all nine parts are black. 

20. This scale of color shows the following proportions of 
black to white for all the inclinations (diflFering by 5°) from a 
level to a slope of 45°. All the nine parts of the part of the 
scale corresponding to the level are white. In a 5*^ slope, 
one part of the nine is black, showing a proportion of black 
to white as 1 is to 8. In 10® two parts out of the nine are 
black, showing a proportion of 2 : 7, or 1 : 3§. For 15® the 
proportion is 3 : 6, or 1 : 2. For 20°, 4 : 5, or 1 : li. For 
25®, 5 : 4, or li : 1. For 30°, 6 : 8, or 2 : 1. For 85®, 7 : 2, 
or 3J : 1. For 40°, 8 : 1. For 45°, all is black. Expressing 
these proportions in the form of ratios, we shall have the fol- 
lowing table, in which the numerator signifies the quantity of 
black, and the denominator the quantity of white : — 



Level, 


No. 


Black, 




6® 


i 


M 




10° 


* 


i( 




16° 


i 


i( 




20° 


A 
1 


(( 




26° 


i 


U 


or \ more black than white 


80° 


i 


u 


or J « « 


36° 


i 


u 


or 3J « " 


40° 


\ 


u 


or 8 « " 


46° 


all 


a 





21. To reduce these ratios to practice in the drawing of shad- 
ing lines, the four horizontal strips, below the lines E F, G H, 
I K, and L M (Fig. 9), show how the black portion of each 
set of nine parts is divided up into lines of proper thickness 
for use. For example, in the strip E G of the rectangle 
OTsp which corresponds to the slope of 5°, the 1 black part 
to 8 of white, or 1 to 8, is divided into two black lines of half the 
thickness of the first black part, showing a proportion of 2 : 16. 
Each of these lines is, in the strip G I, divided into two of half 
the thickness of those in E G, making four shading lines, show- 
ing a proportion of 4 : 32. Dividing these in the same manner 
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we obtain, in the strip I L, a proportion of 8 : 64, and in the 
next strip below, of 16 : 128. (See Par. 45.) 

22. It remains to show the use of this scale, in expressing, 
by the ratio of black to white, the degree of inclination of a 
slope. For this purpose the scale must be cut oflf along the 
line L M. The part L C D M will then furnish us, along the 
line L M, with a graduated edge, by means of whicA the dis- 
tance between the centres of the shading lines can be marked 
off, and the line C D will show the different slopes to which 
the graduation corresponds. 

Having now the horizontal sections of a hill given, write 
upon it with a pencil, in as many places as necessary, the degree 
of the inclination (See Pot/r, 10), and bring the line L M of the 
scale tangent to the upper curve of the zone, at that part of 
the scale corresponding to the inclination we are required to 
express, and mark off from its edge the distances between the 
centres of the shading lines. Through each of the points thus 
determined draw a Une of greatest deecerU (See Pa/r, 16). Copy 
from the scale, for each group of the lines, the exact proportion 
of black to white, and the color in each zone will then express 
the degree of the slope, and the linq of greatest descent will 
show its direction. 

23. From the foregoing we deduce the following two practi- 
cal rules. To find the ratio of black to white for any given 
slope : Pule 1. Subtract the gwen inelinaUon from 4:5^ for a 
denomdnatoTj and take the given inclination for a numerator ^ 
and we shall have the ratio as in the table in Par, 20. Apply 
this, for example, to the expression of a 20° slope. Take 46** — 
20** =— 25 for a denominator. The numerator is 20, hence |j, 
or I is the ratio (see Par. 20), of which the numerator repre- 
sents the black. To find the inclination, the ratio of the black 
and white being given, or having been observed from a draw- 
ing: Puie 2. MvlUpVy the numerator of the given ratio ly 
^h^ for a new mjtmi&raior^ amd add together its num^ator and 
denommator for a new denominator. Peduoe the fraction. 
For example, in reading a drawing, we find in a certain part 
a ratio of black and white expressed by the fraction |. llien 

= — = 25 — ^the inclination required. 

5+4 9 ^ 

. 34. La the above calculations, as well as in the scale of shades 
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no variationB of less than 5^ have been regarded ; bat ttnallefi* 
differences may be used, if desirable, and the scale drawn, and 
the ratios calculated in the same manner. 

25. In representing declivities hj this method, considerable 
practice is required. This should be commenced by drawing 
repeatedly the scale of shade, particularly the last subdivisions 
of the black part into lines, so as to apportion accurately the 
black line to its adjoining white spaces, in such a manner as to 
express with readiness any of the angles of inclination into 
which the scale is divided. Then the line may be applied to 
express the varying inclinations of the same, or of different 
zones of a hill. 

It is not, however, to be supposed possible that every augle 
can be expressed in the exact proportions of the table of ratios. 
The most experienced eye and hand are liable to deviate about 
2® from the truth, in estimating angles less than 9° and greater 
than 34°, and about 1° in estimating the intermediate angles. 
Sut it is seldom necessary to approach nearer than this to the 
truth. 

26. The other method (the French) of expressing convention- 
ally the degree of inclination, by means of the distances be- 
tween the centres of the lines of greatest descent, will now be 
<^nsidered. In discussing this system, slopes are expressed by 
a written fraction, the numerator of which is unity, and gene- 
rally stands for the vertical distance between the horizontal 
sections, and the denominator is the horizontal distance between 
them (or the normal, see Par. 10), expressed in terms of the 
vertical distance as a tmit. For example, let a h {Fig. 10) be 
the profile of a slope, cut by horizontal planes at a and h; call 
hoi (unity), and designate the line a o\)j 9. Tlien the slope 
will be represented by J-. K J c is contained three times in 
a c^ then the expression for the slope will be |, and so for 
any other relation between the base and perpendicular of the 
right-angled triangle ah c. The limits between which slopes 
are represented in this method, are j- or 45° for the greatest, 
and ^, or 0° 63' 43" for the least — ^all slopes less than the 
latter being regarded as levels. The largest scale that will 
admit of conveniently drawing the lines of greatest descent, is 
Y J^ of the full size, or 6 inches to 100 yards, being about 8f 
feet to a mile. In drawings made to this, and smaller scales, 
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the vertical distance between the horizontal sections is gene- 
rally taken one yard. For the scale of yj^y, we shall have, as 
the least width of zone, ^W of an inch, and for the greatest, 

6 84 

X64=8—-- inches. 



100 100 

To fill a zone wider, or even as wide as this, with lines of 
descent, would be inconvenient, and unnecessaiy. 

27. In order to determine the interval between the shading 
lines for any given inclination (which interval is always rec- 
koned from centre to centre of the lines), we have the follow- 
ing rules : — 

Bute 1. To the distcmce (measured along the line of greatest 
descent) between the upper and lower curves of cmy zone^ add 
three-tenths of an inch; a sixteerUh part of this sum wiU he the 
proper interval for the shading lines. For example, if the 
given inclination is ^, the sc^e being 777, and the zones 1 
yard thick, the width of zone for yV F^H b® .06x60=3.60, or 
3^Q inches ; to this add fV of an inch, and divide by 16, and 
we have 

3.60-I-.3 3.9 

If the inclination is |, we have 

.06 + .8 .36 . , . 

— rs — = 7^=0.0226 inches, &c 
lo IQ 

28. To save the labor of calculation, the following is a prac- 
tical method of laying off these points by the eye. Cut a rec- 
tangle of paper, the side A B, of which (see Fig. 11) must be 
equal to x\ of an inch. It is required to space off the shading 
lines at MN, which is a line of greatest descent. Apply the 
rectangle near the middle of MN, with the side AB laid in 
the direction of the middle of the zone, and towards the left. 
Prolong AB to the right, and make BE equal to MN. Then 
AE will be equal to the width MN of the zone, plus fy of an 
inch— which distance is to be divided into 16 parts. Now, by 
the eye (or with compasses, until the eye is sufficiently prac- 
tised), halve the line AE at 0, quarter it at p and /•, treat the 
quarters Ap, po^ or^ and rJE, in the same manner, and through 
each of the 17 points so found, a shading line is to be drawn 
across the zone. 
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29. "When the curves are nearly parallel, we can easily in this 
manner, determine seventeen lines at once. But when the curves 
depart from each other rapidly, the lines of greatest descent 
also diverge proportionally, and a right line drawn normal to 
the upper curve, as at Q {Fig, 11), will have departed from 
the path of greatest descent GI, when it reaches the lower 
curve at H. It therefore becomes necessary to correct its 
direction. This is done by dividing the line of greatest descent 
into four or more parts, and thus determining three or more 
medial sections (see Par. 12). The true line of slope GI {Fig. 
11) is thus divided, and by similarly dividing others, as at 
YZ, &c., we can draw the auxiliary sections db^ cd, and ef. 
These sections being approximatively parallel, we are now pre- 
pared for the application of 

30. Hule 2. To a gua/rter of the distcmce (measured as before) 
between the upper a/ad lower cu/rves of amy zone^ add tHt of ^^ 
inch ; a fourth pa/rt of the swm will he egual tofo^i/r intervals. 

Cut a rectangle of paper as before, whose side A'B' shall be 
tHo of 2,n inch. Apply A'B' to the middle point of the nor- 
mal drawn at F {Mg. 11). Make BT equal to FK, and divide 
A'P into four parts, by halving and quartering as before. 
This will determine 5 lines, to be drawn as far as the auxiliary 
section ab. Apply A'B' to the left of the second normal EX, 
and determine four lines of the second auxiliary zone, and so 
on for LO and OQ. 

31. These rules have for example's sake, been now applied 
to a drawing made on a scale of ^i-^. Let it be supposed that 
the scale is y aVirj ^^ 1 ^^>^^ ^^ 1 mile. In this scale it is suj95- 
cient to consider the curves as being 2 yards apart vertically. 
Then the least width of zone will be 0.0136 inches nearly, 
which is very small, while the greatest width will be 0.8704 
inches. Now, for a slope of | or 45°, the 1st Rule will give for 
the intervals 

.0136 + .3 .8136 

or jh of an inch, nearly ; and for a slope of ^V? we shall have 

.87 +.3 .90 

-^^=-=0.06626, 

or 61 hundredths of an inch. This is a small scale^ and is 
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adapted to exhibit a portion of the ground from four to eight 
miles square. 

32. Having now established the intervals of the shading 
lines, it remains to regulate their thickness, or breadth, so as to 
assist in expressing the declivity. For this purpose, they will 
vary directly as the inclination, agreeably to the following 

Mvle 3. I/hr a slope of |, the tJdckneas of the ahadmg lines 
is eqtbol to tvoo-thirds of the distance between their centres^ amd 
thei/r thickness wiU dinmiish with the irtoUnation, dovm to j\, 
where the lines wiU he as fine as they can he dra/von. This rule 
will always, in a slope of |, make the shading lines twice the 
breadth of the white space contained hetween them {Mg. 12). 
Thus, for a scale of yfy, the zone being 3 feet in height, and the 
slope I, we shall have for the intervals 

.06 +.3 .36 
16 """16 
two-thirds of which, or 

.36x2 .72 

or 1^ hundredths of an inch, nearly. If the scale is y^Vi?? *^^ 
zone being six feet high, we shall have the intervals for a slope 
oft, 

.0136+ .3 .3136 
16 ~"" 16 

two-thirds of which 

.3136X2 .6272 



16X3 48 



=.0131, 



or nearly li hundredths of an inch as before ; in both these 
(and all other) instances, the shading lines decreasing to the 
finest line, to express the slope of ^V* 

33. In regard to the length of the shading lines, no absolute 
rule needs to be laid down. As there is no contemplated rela- 
tion between the declivity and the length of the shading line, 
this part of the work is left to the skill and discretion of the 
draftsman. It may be remarked however, that if we confine 
their length to the width of the zone, their thickness, in a slope 
of i, would sometimes exceed their length; and in a slope of ^Vj 
they would ofl»n be too long for convenience. In the latter case, 
this difficulty is obviated by dividing the zone {Par, 29) ; and 
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in the fonner, it xoay be observed, tiiat the lines may be drawn 
across 4 or 6 zones, more or less, according to the scale, and 
other circuiistances. The extremes of length for ordinary 
scales, may, be set down at | or | of an inch for the steepest 
slopes, and about J of an inch for the gentlest. Some further 
practical directions will be given on this subject hereafter. 

34. Upon every drawing made in kccordance with the above 
rules, there shoidd be placed a scale, which should conve- 
niently shew the relation between the width of the spaces and 
the slope of the ground at any part of the map. 

The following is a convenient form for this scale : — ^Divide a 
line AB {Mg. 13) into 64 equal parts, by setting off from A 
towards B, 64 spaces of (say) yV of an inch. Number the divi- 
sions from A to B, calling the point A zero, and B 64. Let 
fall perpendiculars from A and B. On that at A, measure 
downwards to a^ a distance equal to the width of four spaces 
corresponding to a slope of |, and at B measure downwards to 
ij a distance equal to four spaces, expressing a slope of ^V- 
Join a and 5 by a right line. Let fell now, perpendiculars 
from every point of division on AB, until they intersect the 
line ab^ and the scale is completed. 

To make use of it in finding the declivity expressed by the 
shading lines, take off in the dividers, the width of four spaces 
at any part of the drawing, and compare it with the lengths of 
the perpendiculars to A B. If, for example, it is found that it 
coincides in length with No. 12 of the scale, then the slope 
expressed by that interval is yV- 

35. Reciprocally, this scale may be used to determine the 
width of four spaces. For, having constructed it, as before, in 
the same scale of distances as the map to be drawn, and know- 
ing as we do, the expression for the slope at any part of the 
drawing, the perpendicular of this scale of intervals, which 
agrees by its numeration on A B with the denominator of the 
slope-ratio, will evidently be the corresponding width for four 
spaces at that place. 

36. A still more convenient practical method of marking off 
the intervals, and drawing the shading lines of the proper 
thickness, consists in the use of a tangent movable scale, to be 
applied along the horizontal curves. It shows the relation 
between the length, thickness, and the intervals of the shading 



17 

lin^ for all dopes. Its construction and use are as follows : — 
Draw a right line A B {Mg. 14). At A, draw perpendicular to 
it, and downwards, a right line, whose thickness and length 
shall both correspond to a slope of \, This line must be 
drawn according to the scale of the map. For example, if the 
scale of the map is t^Vt) ^^ 1 foot to 400 yards, the horizontal 
curves being 8 feet apart vertically, or j^^ of an inch, accord- 
ing to the scale ; then {Pa/r, 26) the width of zone for a slope 
of I, is .03 inches. The length of the shading line will then be 
.03, and its thickness (by Eule 3) is .0137 inches. Having 
drawn this line, of the proper length and thickness, lay off 
towards B, the first interval of the scale, which must corres- 
pond to a slope of |. By Kule 1 {Par. 27), we have 

.03 4- .3 .33 
-.^=-=.0206 

for this interval, and for j\ we have .1887. Now, from |, 
the slope expressed by the former distance, the intervals go on 
increasing uniformly up to ^\, which is expressed by .1387. 
They mdy, therefore, be regarded as an arithmetical series, 
whose first and last terms are .0206 and .1387, respectively, 
and whose common difference is 

.1387 — .0206 

63" =-<>^1876. 

By adding this common difference 64 times to the first inter- 
val (.0206), we shall, by laying them off from A, obtain thfe 
successive intervals of the scale. When the scale is very 
small, the common difference may be doubled, and the inter- 
vals laid off from A, by two at a time, and afterwards halved ; 
or it may be quadrupled, and four spaces laid off at once, and 
then divided into four equal parts. Under such circumstances, 
these will approximate, very nearly, the true division. 

This, by successive additions, is the most accurate method 
of setting off small distances. Let fall, now, through these 
points thus determined on the line AB, perpendiculars to AB, 
of indefinite length, and varying uniformly in thickness, from 
the first line at A, which is .0137 of an inch thick, to the last 
one at B, which is as fine as possible. To determine the 
lengths of these shading lines, or in other words, the width of 
the zone to which their intervals and thickness correspond, 

2 
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start from the first line, already drawn of the proper length 
(jf T in.) at A, and from that line increase the length of each 
one, np to the 64:th, in an arithmetical progression, whose first 
terra is .03 the least width of zone, and the last 1.92 the greatest 
width. The common diffei'ence of this series is .03, and by 
successive additions (as in spacing off A B), the increasing 
lengths of the perpendiculars may be laid off. ELaving done 
this, draw through their lower extremities the curve D C, 
and the tangent scale will be completed. Each division of the 
line A B is the interval between two shading lines, correspond- 
ing to a width of zone equal to the mean of the two perpendi* 
culars which include it. 

37. To make use of this scale it must be cut out, following 
its outline, A B C D A. Place the line A B on the draw- 
ing, tangent to one of the horizontal curves, so that the perpen- 
diculars to A B shall be normal to the curve, and coincide in 
their length with the width of the zone. Let the lower curve 
of the zone cut the curved outline C D, midway between two 
of the perpendiculars. See Fig, 14, at m n and oj>y where the 
adjustment of the scale at m ^ gives the interval and thickness 
of the shading lines by means of the perpendiculars, m o and 
np^ which are in length and direction the normals of the zone 
ef^ g 1i^2Xm and n. This scale may thus be applied to deter- 
mine groups of lines in different parts of the hill. 

38. Although the representation of the ground is thus con- 
formed to geometrical rules at all points, it must not be thought 
necessary to repeat the process of construction for every line. 
It will suffice to do so at those places where the slope exhibits 
the greatest variations. Thus, a group in each zone will be con- 
structed where the slope is least, and again where it is greatest, 
then a few intermediate ones. By graduating the changes in 
the shading lines, in passing from group to group, both as to 
their thickness and their intervals, we can easily fill the va- 
cancies between the determinate groups. Without being ma- 
thematically exact, we shall thus obtain a result sufficient for 
all practical purposes, and as accurate as can reasonably be 
looked for in employing the lines of greatest descent. 

39. Tabular view of the width of zone, the intervals and 
thickness of the shading lines, corresponding to different scaleSi 
and different heights of zone: — 
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To calculate the values of tlie above different quantities, first 
find the height of zone expressed in parts of an inch, accord- 
ing to the scale of the drawing. For example, suppose the 
scale to be hVf? ^^^ ^^^ horizontal curves to be 3 feet apart 
vertically, that is, that the height of zone is 3 feet. Since 1200 
feet on the ground is represented by 1 foot of the drawing, we 
can write 1200 ft. = 12 in., or 100 ft. = 1 in., or 100 yds. = 3 
in., whence 1 yd. = yf^ inches, or .03 is the height of the zone 
according to the terms of the scale. Then the least width of 
zone (that for a slope of \) will be .03 inches. The greatest 
width (or ^V) will be .03 x 64, or 1.92 inches. By Rule 1 the 
greatest interval will be 

M^t:!, or, ?:?^=.13875 
16 16 

The least interval will be 

.03+.3 .33 
— -L- , or, — 

16 16 

whieh ifr .0206. And by Rule 3 the greatest thickness of the 
shading line will be § of .0206, or .0137. It will be observed 
that 4ihe actual height of zone is varied according to the scale 
of the map. This is necessary, in order to give room to express 
the corves of a steep slope on a small scale ; and if the height 
of »»M and the scale bear a proper relation to each other, the 
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intervals and thickness of the shading lines fox a slope of 45** 
will be nearly the same for all medium scales, only the max- 
imum intervals changing as the scale is enlarged or diminished. 
{See Mgs. 17 and 18 for examples on scales of ^^Vt aiid y^^ 
respectively. The vertical distance of the curves is three feet 
in Mg. 17, and six feet in Fig. 18.) 

40. Although in both of the methods of treating lines of 
greatest descent, just explained, the theory of the convention 
is perfect, yet it is admitted that in practice an approximation 
only is obtained, inasmuch as a great deal is left to the judg- 
ment of the draftsman's eye, and his ^ill of hand. Still, it is 
not only useful, but necessary, to have some fixed principles as 
a basis on which the art may be founded, and to which prac- 
tice may be conformed. The student ought, therefore, to make 
himself * perfectly acquainted with the methbji (whichever it 
be) that he adopts, so as to present throughout his drawings a 
consistency in the expression of at least the relative degrees of 
inclination. For popular use, on ordinary occasions, this will 
be sufficient, as almost every one who is interested in looking 
at a topographical map, will have learned enough of the con- 
yentional signs to comprehend their general intention ; while 
the scale of shade, or of spaces, which should always be put 
upon a drawing, will iuform those who are disposed for a mi- 
nuter reading of it, if it is geometrically correct. 

41. But as it is not always possible, either for want of time, 
or for other reasons, to attempt a complete realization of the 
theory of these methods, it is proposed to exhibit their differ- 
ent modifications between strict conformity to the rules above 
stated, and those for rough or rapid sketching of the ground 
from nature. 

42. With regard to the English method, or that of vertical 
illumination, it has been remarked, in applying it in the ser- 
vice of the U. S. Coast Survey, that " this scale of shade does 
not represent slopes greater than 45°, thereby limiting the gra- 
phic capabilities and effect of the map. It also makes the 
slopes too dark as they approach the inclination of 45®, and 
does not well represent slopes of less than 5°, which latter it is 
often necessary and desirable to express distinctly." A scale is 
then to be sought for by which the lower slopes may be readily 
distinguished from one another, and the graphic effect of the 
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high slopes retained. The slopes Vr? tV? and |, or from 2i* to 
11® (about), are most frequently met with in those parts of our 
country not mountainous. Slopes from ^V to 7^^, or from li® to 
6°, are such as are usually surmounted by roads. From a level 
to 25", it is necessary to represent more slopes, and to represent 
them more distinctly than between 25° and 45°, and between 
the latter limits it is not necessary to distinguish nicely between 
every few degrees of slope. Between 46° and 90°, slopes sliould 
be represented for graphic effect, such as for clay banks, rocky 
precipices, &c., but it is not necessary to show their variation 
for anjr other purpose. 

43. The scale then proposed, adapted to any part of our 
country, both for civil and military purposes, and as affording 
the means of graphic representations of all slopes useful for 
such objects, is the following modification of the scale of 
Par. 20 :— 

A slope of li° is thus represented 
by the same thickness of shading lines 
as that of 2i°, but the intervals should 
be doubled in the latter case, and so 
proportionally for any slopes less than 
2J°. By this scale the slighter slopes 
are represented well, and will be readi- 
ly distinguished from each other. The 
shades for slopes less than 16^ are dark- 
er than in the scale of par. 20, which 
renders their differences more observable. From 25° to 75° the 
shades are lighter than the corresponding ones of the other 
scale, the distinction being here of less importance. The white 
space, for a slope of 75°, does not in this scale become too 
small for practical use. A scale in accordance with the pro- 
portions in the above table, may be constructed as is described 
in Par, 19, except that there must be eleven instead of nine 
divisions on A B, used for proportioning the black to the white. 
Its practical application is effected as in Pa/ra. 21 and 22, by 
repeated subdivisions of the proportion of black, until a pro- 
per thickness of shading line is arrived at. 

44. A further modification of the scale of shade has been 
very generally adopted in England, which for ordinary pur- 
poses has the advantage of simplicity, and facility of applica- 
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tion. It coDsistB in establishing with aocnracj onlj three pro- 
portional quantities of black and white, for three medinm 
dopes, viz. 16', 22^^, and 30*, a level being represented by 
white, and a slope of 45° by bringing the shading lines in con- 
tact, or perfect black. Thus by Rule 2d, Par. 23, we have this 
table of slopes with their proportions of illumination :— 

A scale of shade may be at once 
constructed from this table, by assum- 
ing the thickness of the shading Une 
for the medium slope of 22^®, which 
thickness must be suitable to thefbale? 
and to the degree of fineness or finish,- 
which it is intended to give the draw- 
ing. Having drawn this portion of the scale (as at A, JF'iff, 19) 
with equal proportions of black and white, diminish by one 
third the thickness of the black line for the part B of the scale, 
which will then correspond to a slope of .16° ; and increase its 
thickness by one third for the portion .0 of the scale, which 
will represent a slope of 30°, white and" black being respect- 
ively the extremes. This scale should be carefully applied to 
the map wherever the slope to be represented corresponds with 
one of the three in the scale. All intermediate inclinations are 
of course indicated by graduating the thickness of the shading 
line, referring it to the regulators in the scale. (See Mg. 36 for 
a drawing made according to the vertical system.) 

45. In the English and German method, and in all its modi- 
fications, the thickness of the shading line in the medium slopes 
(that is, where it is nearly equal to the interval between the 
lines), is an arbitrary quantity, and is regulated by the scale 
of the drawing, by the skill of the draftsman in mastering bold 
or fine lines, by the time that may be spent in drawing the 
many or the few shading lines required, &c., &c. Generally, 
if the lines have such a relation to the scale of the drawing as 
to present a well connected appearance, it will be found that 
fewer shading lines, and a rather coarse texture will conduce 
more to clearness of expression when viewed at ordinary dis- 
tances, than a finer texture, which has a tendency to dryness 
of style. Li the French method, however, as has been before 
remarked, the thickness of the shading lines and their intervals 
are both fixed by the scale of the drawing. 
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46. The scale of shade may evidently be still further simpli- 
fied, or, as in sketching in the field, it may be reduced to a 
mere graduation by the eye, of the color for the different slopes 
that offer themselves for description. As much of the data for 
topographical drawing, relating to extended civil works, is col- 
lected by sketching in the field, a few practical remarks on thalt 
subject will now be offered. 

47. Field sketches are made with the lead pencil, and may 
be drawn upon every page of the compass-book, or upon the 
alternate pages, at the option of the topographer. In the for- 
mer case, the bearings and distances are recorded upon the 
drawing {I^ig. 16^) ; in the latter, the record occupies the left 
hand page, and the sketch the opposite one. The page for 
sketching should be ruled in squares, with blue or red ink, 
forming thus an indeterminate scale, the length of the sides of 
the squares being assumed at pleasure, according to the nature 
of the ground. Both the record and the sketch are read from 
the bottom of the page upward. Suppose the stations of the 
survey to be one hundred feet apart ; then, assuming the side 
of the square to be one hundred feet, commence the sketch at 
the bottom of the page — ^in the centre, if the survey promises 
to be tolerably strwght; if otherwise, at some point to the 
right or left of the centre, the reason for which will be explain- 
ed directly. Let the bearing from the first station (the starting 
point or zero) be N. 10° K (i^^- l^i.) Draw a line from the 
bottom of the page upwards ; the side of the square being as- 
sumed one hundred feet, number the stations upon the squares 
as far as the line is run, say three hundred and twenty-five feet, 
and write the compass angle down along this line. Let the 
bearing from the second station, or No. 1, be N. 1° W. ; draw 
a line making, as nearly as can be judged by the eye, the pro- 
per angle with the last bearing, and proceed as before. When 
the page is exhausted, commence with a vertical line at the 
bottom of the next one, marking upon it the remainder of the 
old bearing, and making, by the eye, a new series of approxi- 
mate protractions as before. If it can be foreseen, as in most 
cases it can, that the line of survey will be very crooked, bend- 
ing, for example, from left to right, then commence the bear- 
ing at the bottom of the page acc(»'dingly, beginning at a point 
on the extreme right {JP'ig* 16^, dotted line), and running itdiar 



gonallj to the left, so as to make due allowance for the great 
deflection anticipated in the next bearing. Such cases may be 
foreseen in running around an inclosnre, or in following a curv- 
ing stream or ridge. The advantages of the systeni of squares 
in sketch-books completely overbalance the one disadvantage 
which is, that the diagonal bearings will not make exact dis- 
tances upon the squares, while the vertical and horizontal ones 
wiU. It will be remembered that the surveying book is design- 
ed to be exact only in its record and the general features of the 
ground, and that a slight change of scale is not material, as it 
can be made exact when the survey is protracted upon the map. 
By these approximate protractions, any page of the book of 
survey conveys a very just notion of the bearings and dis- 
tances, and of the relative positions of the general features of 
the ground. The first station being at the bottom of the page, 
{Mff. 16J,) note down in the space between it and the second 
one, all the features of the ground passed over by the line of 
survey; as to whether it is cultivated, forest, marsh, &c. ; 
whether it is crossed by streams, ditches, &c., and their width ; 
if it rises or falls, about what degree of slope, &c. On both 
sides of the line introduce, according to the scale, and their 
distances, as judged by the eye, all topographical objects within 
sight, such as buildings, roads, streams, hills, &c., &c, drawing 
them to the scale if possible, and if they cannot be got upon 
the page, describing briefly their natm^e and position. In 
sketching hills endeavor to project as many horizontal curves 
as possible, which should be lightly put in, and then the shading 
lines may be drawn over them. The degree of slope should be 
frequently written down in numbers upon the sketch. The 
names of localities, streams, hills, farms, &c., should also be 
entered. 

48. Thus far we have supposed a measured line upon the 
ground, to which the situation and dimensions of objecte might 
be referred. It is much more diflScult to embody the relative 
positions and dimensions, where all is left to the eye. Here a 
cultivated judgment is of the greatest value. Practice alone 
can make a good sketcher under such circumstances. Kules 
must, from the nature of the case, be few and general. In the 
flrst place, all objects within the field of vision are presented 
to the eye in jperspectivej whereas the. sketch is to be a plan. 
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The apparent diminution of dimensions in distant objects must 
therefore be corrected on the plan. For example, the windings 
of a crooked stream, or a road, in perspective, are much exagge- 
rated in retiring into the distance; they must therefore.be 
heightened out in the sketch, more and more, as they are more 
removed. 2nd. In looking at variously placed hills from a 
somewhat elevated station, the eye will in some cases look 
directly, or perpendicularly, at the face of some slopes, while, 
in others, the surface of the slope, if prolonged, will pass 
through the eye, and will not be seen in its true dimensions, 
though its inclination may be judged. In sketching the shapes 
of liills, bodies of water, masses of forest, &c., these fiicts must 
be taken into consideration, and to insure skill, eye-sketches of 
a small portion of ground having well-marked features, must 
be frequently made, and compared with measurements of the 
same features. In sketching a single hill, the best station is at 
the summit. First endeavour to represent the lowest horizontal 
curve of its surface ; then a medial one ; then the form of the 
level space at the summit, or the highest horizontal curve. 
Others may then be introduced between these, until the ground 
is sufficiently expressed. The angles of inclination should be 
frequently noted down in nimibers : all accidents of ground, 
such as ravines, rocks, &c., should be carefully placed, and all 
other objects, such as houses, fences, trees, &o., should be put 
down in their proper relative positions and dimensions. Hav- 
ing thus prepared a skeleton of horizontal curves, numbered 
as to inclination and heights, the sketch will always serve a 
useful purpose without any lines of greatest descent. After 
sufficient practice in this method, the eye will become so culti- 
vated as to enable the draftsman to express the tbrm of ground 
by lines of descent at once, the mind conceiving the position of 
the horizontal curves, and thus supplying the necessary data 
for the shading lines, the relative thickness and length of which 
for the different slopes, is a matter very easy of acquirement 
But this should not be attempted until the method by horizontal 
sections is thoroughly mastered. 

49. It is easy thus to make a correct sketch of a single hill, 
but when there are many, and the general fiice of the country 
is sloping also, the difficulties of representing the connexion of 
the different hills at their bases are considerable. In such cases, 
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tib^ direction and lengths of the vmlleys (or urater-conisas if 
there are any) mndt first be noted, hearing in mind the illntiona 
of perspective in both its effects, mentioned in par. 48. Then 
establish the positions of the different snmmits, noarking down 
their relative heights, after which pat in- the other objects to 
be represented, snch as roads, trees, buildings, &c., &c., refer* 
ring their positions to each other, and correcting Ihem where 
they are found to disagree. Horizontal curves present the rea- 
diest m6ans^ to the beginner in sketching declivities. When, 
after some practice, the form of a body suggests (as it always 
will) its horizontal sections (see Pwf. 11), then it will be time 
to resort at once to the lines of greatest descent. The greatest 
difficulties to be overcome in the practice of eye-«ketching are, 
1st, that of converting a perspective view into a jplwn^ in all 
its true proportions ; and 2Dd, in forminsj a just conception of 
the intersections of different slopes at their hasea. Hence the 
rule, to project first upon the sketch, all the lowest lines^ or 
water-courses, and then the highest parts or summits. Then 
the middle lines and objects may be placed, and the sketch 
filled up by referring all others to those three groups which 
may be regarded as determined. 

50. The lead-pencil for field drawing should be moderately 
hard, and the general tone of the drawing should be rather 
light. The shading of slopes ought not to overpower by its 
depth the distinctness of other objects, and the pencil should 
be so used and of such a quality, as not to be easily defaced by 
rubbing. 

61. In concluding these remarks upon the methods of re* 
presenting hills by the conventional use of lines, drawn with 
pen or pencil, it is necessary to refer to the mode of expressing 
inclinations that are steeper than the " natural slope," or greater 
than 45^. Such slopes frequently occur in clay banks, steep 
ravines, and in rocks. As they are always exceptions to the 
law of slopes, and save in the case of rocks, cannot be regarded 
as a permanent form of the ground, since they are constantly 
undergoing reduction by the action of natural causes, the 
method generally adopted to show them, is to make their 
shading lines exceptional also. In the Horizontal System this 
is done in earth slopes, by shading them with a set of black 
and short lines drawn perpendicular to the horizontal sections : 
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that is, in a direction contrary to the general motion of the 
shading lines of the drawing. They shonld be made as black 
as possible. {Fig* Y, at B.) For the same kind of slopes in 
the Vertical System, their shading lines, also as black as pos- 
sible, are drawn parallel to the horizontal curves, or contrary 
to the general tenor of the shading lines of the drawing. {Mff. 
15, at A.) These methods answer also for the expression of 
occasional rocks, particularly projecting horizontal strata ; but 
when the slope is entirely rocky, even if it be not steeper than 
45^, the shading lines are thrown in, in every possible direc- 
tion, not intersecting, but abutting abruptiy upon each other, 
In short heavy masses. {Mff. 16, at B.) 

62. The following are some practical remarks and directions 
for shading hills according to the Vertical System. All the 
preparatory pencil lines having been drawn lightly, and the 
spaces for the shading lines being laid off by dots, begin to 
shade at the steepest part of the upper zone of the hill. Draw 
the shading lines firmly, from curve to curve (introducing 
auxiliary curves for that purpose wherever it is necessary), so 
that each row of lines may terminate evenly at the lower edge. 
Draw always toward the body, turning the drawing on tiie 
table for that purpose. Draw these shading lines always doifm 
the slcpe^ and proceed with them from left to right, sa that the 
line just drawn may be uncovered by the pen, and the distance 
to the next one be seen. Go all around the upper zone in this 
way, finishing by joining the row at the point of setting out. 
This is always effected more easily and neatly in the steepest 
part of the slope. After finishing the first zone, proceed to the 
second, and so on to the foot of the slope. Where the curves are 
nearly parallel, the shading lines are straight, and also nearly 
parallel ; but when the curves depart much from each other, the 
shading lines, being lines of greatest descent, must be normal 
to the curves, and will therefore themselves have some curvature, 
in order that th^y may tend perpendicularly upon a second 
curve, which is not parallel to the first. {Fig> 16, at 0.) In 
such cases it is necessary, besides drawing the medial auxiliary 
curves, to put in lightly with a pencil, at short distances, a num- 
ber of normals {Fig. 15), which, being carefally studied, will 
tend to correct or confirm the directions of the shading lines as 
they are drawn. In introducing additional carves in thode parts 



38 

of the hill where the slope is slight, care must be taken not to 
shorten too much the length of the shading line, for where the 
interval between them is large, the line must be proportionately 
liner and longer, (See Par, 33.) Any change in the direction, 
thickness, or proximity of the shading lines, required by the 
different inclinations, must be effected gradually, and all sud- 
den changes of that nature must be carefully avoided. Any 
two consecutive lines of any part of the hill, should be sensibly 
equal, similar, and parallel. They should be twin lines. The 
same thing is to be observed of contiguous zones ; any change 
in their color or expression, must be made gradually. K it be 
required to pass from a light zone to a dark* one below it, make 
the lower extremities of the lines of the light zone a little 
heavier, so that they may meet the upper extremiti^ of the 
lower row, with nearly the same color. The latter may also 
be lightened a little. As zones differ in inclination, so of course 
will the spaces between the shading lines. No attempt there- 
fore ought to be made to prolong the lines of one zone into 
the zone below. The lines in each row are manifestly inde- 
pendent on each other in that respect. It is only necessary, as 
above stated, to avoid sudden changes of colour in passing from 
zone to zone. Even in a perfectly uniform slope, it will not do 
to prolong the lines thus, because it gives a hard and bad cha- 
racter to the style. But in the case of a conical hill, as in Fig. 
16, it would give rise to an error in principle ; for we should, 
soon after leaving the summit, have too few lines of descent to 
cover the ground, and they would soon be so far separated as 
to lose their connexion, degenerating into a great meagreness 
of style. The same rules, in joining the different rows of lines, 
are to be observed here, as in the Horizontal System, viz. the 
extremities of one set of lines must not protrude within a 
neighbouring set {Fig. 20), nor must a vacancy be left {Fig. 21). 
The rows must be accurately joined, without showing either a 
white line at their junction, as in the latter case, or a dark one, 
as in the former (see Fig. 22). The method of joining them is 
shown in Fig. 23 on a large scale, where the lines of the lower 
row, coming between those of the upper, start from a line which 
connects the lower extremities of the upper row. When the 
whole plan of the hill has thus been covered with lines of 
greatest descent, the base and summit must be softened 6% by 
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tapering to a fine point the lower end of each line, at the base, 
and doing the same at the summit, by turning the drawing 
upside down, and tapering the upper end of each line of the 
upper zone (see Fig. 15). The whole hill being finished, the 
pencilled lines may be removed. The same directions liere 
giv«i for executing the drawing of a hill, will apply to a hol- 
low, the shading lines of which are converging. 

53. We will now proceed to consider the conventional use 
of lines in the representation of other features than hills, which 
alone have engaged our attention thus far ; and 1st, of water. 
When the horizontal sections of the ground are continued, by 
means of soundings, below low water-mark, that part of the 
drawing covered by water must be left entirely white, so as to 
allow a clear exhibition of the lines of soundings, and the hori- 
zontal curves of the bottom, as determined by their means. 
But when the delineation of the ground extends no further than 
the water surface, then for the sea, large lakes and rivers, the 
method of shading by lines drawn parallel to the shoi^es, and 
graduated outwards from them, is generally used in the verti- 
cal system. This mode of proceeding would not answer in the 
horizontal system, as there would then be no distinction be- 
tween land and water. For the latter system, the method has 
been explained in par. 15. In order fo execute symmetrically 
this style of shading water, the following directions must be 
strictly observed. After having drawn, with uniform thick- 
ness, a moderately stout line, as at A, Fig. 24, for the outline 
of the water, throughout the whole drawing, begin by apply- 
ing to it, as closely as possible, the first shading line. In order 
to do this, attend to the narrow white space between the two, 
making it ^Ji/ne white line^ and of even width. The first shad- 
ing line may be nearly of the thickness of the shore line, and 
should fallow it closely in its minutest deviations. Apply such 
a line to every shore line in the drawing. When that is done, 
proceed to the second shading line, which may be a little finer 
than the first, and a very little more removed from it than the 
first was from the shore-line. Carry this one throughout the 
drawing, in the same manner as the first one. Then take up 
the third line, increasing, by very little, the distance betwewi 
the lines, and drawing it a little finer. In this way, go on, 
adding one line at a time to every shore on the drawing, in- 
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oreasing very gradually their intervals, and diminishing, as 
gradually, their thickness* These lines should be drawn dean^ 
and as steadily as the hand can make them. Take a very 
short hold of the pen, resting the point of the middle finger 
upon the paper. Each line should be of uniform thickness 
throughout its length, and kept constantly at the same distance 
from the one last drawn. Draw always towards the body, 
turning the drawing as before directed, and keep always the 
line last drawn to the left of the one in progress, so that tiie 
distance between it and the point of the pen may be con- 
stantly watched. The lines must be completed successively, as 
above directed, for the following reasons ; — 1st The eye be- 
comes accustomed to the interval employed, and thus the con- 
fusion attendant upon carrying on at the same time, three or 
four lines having different intervals, is avoided. 2dp By this 
equal distribution of the lines, symmetiy is insured,, because 
whatever be the width of different channels {Fig. 24, at B), an 
equal graduation of tint from every shore is obtained, and the 
shading lines meet in the middle, which might not always be 
the case otherwise. 3d. It enables us to conform to a princi- 
ple, which is, that every line must return to itself y and no spiral 
lines are admitted. But sometimes two lines will coalesce, as 
at 0, Fig. 24, where Aey join into one at d, and afterwards 
separate into e e. The last line, in the middle of a piece of 
water, must be a line returning to itself, and not a spiral. 
When the shading lines meet the margin of the drawing, they 
are cut off; but they are drawn as if they were to be continued 
out of the margin. These instructions may seem over minute, 
but the beginner must be warned that this is the most tedious 
and xminteresting part of topographical drawing, and requires 
great care and patience, in order to produce a good effect. 
High and low tides are represented thus {Fig. 24). bis. Draw 
the shore line for the high water-mark, and the shore line for 
the low water-mark. Then commence from the high water 
line, graduating outwards until the low water line is met, which 
must be regarded as a margin for the shading lines, and in 
which they must terminate. Then conmience anew from the 
Ww water-mark, with a new graduation, which is carried on 
uninterruptedly. 
54. SnuJler bodies of water, such as pohds or poQ]% are 
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represented by a tint of fine, unbroken lines ruUd across them 
parallel to the base of the drawing {Mff. 25). Rivulets, or 
very small streams are represented by one, two, or three 
lines, according to their magnitude {Fiff. 25, at A, B, and 0). 

55. The sign for marsh is composed of a mixture of the two 
signs for water and grass land, as in Mg. 26, where the water is 
indicated by fine and fall lines, ruled always parallel to the 
base of the drawing, and grouped in an irregular manner, so as 
to leave small islands interspersed through it« These islands 
are filled with grass, drawn as will hereafter be described, with 
here and there a tree. The division between the land and 
water should be first sketched lightly with a pencil, as a guide 
for ruling the lines. The texture, as to fineness, of this sign 
should be regulated by the scale of the map, and be consistent 
with the other lines in it, in that respect. Distinctions have 
sometimes been made between salt and fresh marsh, deep 
morass, &c. ; but this ruled sign is the neatest form, and does 
not charge the memory with nice distinctions, which can easily, 
if required, be expressed in small lettering, upon the drawing. 

56. Forest^ being one of those features whose conventional 
sign is intended to suggest, in some degree, the object itself, is 
represented by characteristic lines,, resembling a pen drawing 
of a tree as seen in horizontal projection, with its shadow upon 
the ground, cast by parallel rays inclined 45° to the horizon. 
The only distinction between the various forests, that can be 
recommended, is to reserve a particular sign for pines, and to 
include all other kinds in one character of foliage. Fig. 27, at 
A, shows a pine forest, where the sign has a star-like form, and 
is darkened towards the right hand and lower side, wh^re the 
shadow is placed. At B is the sign for all other foresta, where 
the character of the outline is round, with a few touches of the 
pen on the interior, and towards the shadow. This outline, to 
have a good effect, should be made with simple curves, firmly 
drawn, and not be cut up by smaller indentations, as in fig, 27 
(bis), the bad forms of which are also to be avoided. The trees, 
and masses of trees, must be disposed in every possible variety 
of position, avoiding carefully all arrangement in lines, or 
regular figures. Their size depends upon the scale of the map, 
and should consie^ with the dim^ensions of buildings, the width 
cxf roads, (fee The aigi^ in FigA. 27 and 7^ at C,, indicates an 
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ornamental grove, shaped by art, and is used in representing 
parks, gardens, &o, Orohwrds are shown by placing single 
trees, with their shadows, npon the intersections of two sets of 
equidistant parallel lines, drawn at right angles with each 
other, as in Fig, 28. One set of these lines is usually placed in 
the direction of one side of the inclosure. The lines should be 
drawn in pencil, and afterwards erased. Single trees are 
drawn, as shown in Fig, 29. The shadow is detached from the 
outline of the tree, and is intended to have an elliptical form. 
When the scale is small, a single tree becomes a simple circle, 
touched with the pen, on the side towards the shadow. Some 
topographers prefer to draw trees in elevation, as in fig. 30. 
This method certainly renders it easier to describe varieties of 
foliage, and may be used with as good effect as the other, 
according to the fancy of the draftsman. When trees occur 
upon a hill-side, the shading lines of the hill-side should be in- 
terrupted, in order to receive the body of the tree, but not its 
shadow, which may be drawn independently of them when the 
slope is slight ; but when it is steep, the shadows may be 
omitted, and the trees must be shaded dark, so as to be nearly 
of the same color as the shading of the slope, and, at the same 
time, the forest may be represented as less dense than it is 
usually drawn upon a more moderate inclination. 

67. Clea/red Icmd^ grasa^ or meadow^ is indicated by groups 
of short lines, arranged like tufts of herbage. Each of these 
little figures is drawn with its base alwaya pa/ralld to the base 
of the drawing, whatever may be the shape of the inclosure 
containing this sign. They must likewise be spread evenly 
over the paper, not too thickly, and all appearance of regu- 
larity or approach to arrangement in lines mtist be avoided, 
as directed for forest (see Fig, 31). Each tuft is composed oi 
from 6 to 7 lines, drawn as if converging in a point below 
the base, as is shown on a large scale at A — ^the middle lines 
being the longest, and the extremes mere dots. The base 
must be a straight line, not curved, as at B. 

68. OuKmated Icmd is represented by alternate broken and 
dotted lines, suggesting furrows. These are, for the sake of 
variety, made to assume different directions, one set of them being 
generally parallel to one of the sides of the inclosure {Fig. 82). 
The ground must first be prepared by drawing light pencil lines, 
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equidistant firom, and parallel to, each other, in sets. These 
pencil lines must be ruled, and if they cannot be spaced off by 
the eye, their intervals must be determined, and marked by 
dots. Then draw the broken and dotted lines hy Jiand^ over 
the pencilled guide lines. The joints in the broken lines must 
not be opposite to each other, and the hreahs^ or vacancies in 
the lines, must be very short. The dots of the dotted lines 
must be made by touching the point of the pen to the paper, 
and inmiediately lifting it off, without dragging it over the 
paper ; this will make a round dot. The dots must be fine, 
and close together. As before remarked, it is scarcely neces- 
sary to distinguish between the different kinds of cultivation, 
as it is the most variable of all topographical features. If it be 
desirable to describe the existing crop, it can always be done 
by a few words, neatly lettered on the drawing. 

59. UneuUwated land, which is not forest, but such as 
brushwood, heath, prairie, &c., is represented by mixing tufts 
of grass with small bushes, of less dimensions than those of the 
trees in the sign for forest {Mg. 33). 

60. Sand and gravd are shown by dots — ^the latter rather 
coarser than the former. In making thesp , the pen should not 
be jerked over the paper at random, but slowly put down and 
taken up, and never without an intention in regard to the 
position of every dot. Make them as directed in cultivated 
land, and avoid all arrangements in lines {Fig. 7, at D). In 
sand-hills, let the sides of the slopes be made darker than the 
level parts, by making the dots closer together, in order to 
produce a deeper tint, or shade. 

61. The different forms of si^s for buildings, inclosures, 
roads, &c., &c., are given in Fig. 34. The equidistant lines 
representing a road, can, when ^ved, and therefore to be 
drawn by hand, be conveniently drawn thus : — ^Take a right- 
line pen, and open its two blades to the desired width of the 
road ; then place some India ink upon the inner face of each 
blade, in such quantity as not to allow the opposite masses of 
ink to run together. Then, if the pen be drawn over the 
paper, the two points will describe two equidistant lines. 

62. It must be remembered that the dimensions of all these 
signs are variable, and must correspond with the scale of the 
drawing. This just proportion may be gained in cpnsidering 
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the projected dimensions of bnildings, their class, as to being 
farm houses, mansions, public institutions, &c. ; for it would 
not be consistent to make a tuft of grass as large as a country 
seat or a college. 

63. All that has been said in regard to the manner of execut- 
ing the conventional signs with a pen, will apply equally to 
sketches, or even finished drawings, miade with a pencil or any 
instrument which produces lines. But there id another method 
of topography, now coming into very general favor, viz. that 
of expressing the diflferent states or conditions of ground, and 
even its variations in level, by means of coIots^ the manner of 
using which will now be considered. 

64. The first thing necessary to be done, in order to prepare 
a sheet of paper for a tinted drawing, is to strain, or stretch it, 
so that it will not remain blistered after being wetted by the 
laying on of the tints. For this purpose the paper must be 
moistened, and laid flat upon a smooth and clean board, and 
before it dries, the edges must be fastened down with glue, or 
very stiff paste. By moistening the paper, it is expanded, and 
if its edges are secured while it is' thus enlarged, its shrinking 
in the act of drying ^causes the strain, which keeps it flat, and 
enables it to restore itself in drying, after it has been blistered 
by wetting. 

65. Having thus prepared the paper, the lines of the draw- 
ing will be put upon it, first in pencil, and afterwards with a 
very fine, ink line. The ink, although black, must not be 
thick ; for, when the lines (outlines only) of all the shores, 
roads, buildings, &c., are drawn, and all the pencilled lines 
erased, then the drawing must be washed^ either by exposing it 
to water dashed over it, or by quickly passing a soft sponge, 
well saturated, across its surface. This is done for the purpose 
of removing those portions of the ink, which a wet brush would 
detach from the paper in laying on the colors, and which, 
mixing with the tint, would injure its purity. When dried, the 
drawing will be ready to receive the conventional tints, which 
are expressed by the following colors, either used singly or 
compounded. 

66. They are five in number, viz. Indigo^ Carmme (or Orimr 
son LaTce\ Gamboge^ Bwmt Sienna^ and TeUow Ochre, In using 
and mixing these colors, it must be observed that Indigo is the 
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most powerful, and Gamboge the weakest ; and that Yellow 
Ochre does not combine well with any of the others, but is used 
alone. ' • , 

67. Before proceeding to consider the significance of these 
colors and their combinations, it is necessary to explain the 
mechanical conditions to be fulfilled^ and the rules to be 
observed, in order to insure neatness and facility of execution. 
When a tint is to be mixed, let the end of the cake of color be 
wetted, and allowed to soften for a minute or two. This will 
cause it to rub smooth, and free from small fragments. Then 
moisten (only) a perfectly clean plate or saucer, and rub a suffi- 
cient quantity of the color upon it, as much as will tinge to the 
proper intensity (say) three or four tablespoonfiils of water, 
which being added to the color, and mixed by the brush, the 
tint is ready for use. Let the paper be inclined about five 
degrees to the horizon, the lower edge towards the body. This 
is done that the color may flow easily over its surface, for the 
whole art of laying on a Jlat tint consists simply in allowing 
the colored water to flow over the paper, which is uniformly 
tinged as it passes over. To spread the color, begin with a full 
brush at the top of the figure (suppose it to be a rectangle), and 
cause it to lie neatly along the upper outline, then strike the 
brush from left to right, and from right to left, alternately, 
bringing the tint down in horizontal bands or stripes, control- 
ling it neatly and exactly within its proper outlines, and keep- 
ing the surface of the paper well wetted with the tint. As 
long as this is done, the tint can be carried on with perfect 
continuity. On arriving near the lower outline of the figure, 
the quantity of tint must be diminished, so as to leave just 
enough in the brush to finish, without allowing the color to 
accumulate upon the lower outline. In no case, anywhere on 
the drawing, must the color be allowed to lie in puddles, or 
drops. The art of laying a flat tint is so easily acquired, with 
a very little practice, that the only difficulty in it is the out- 
line, to conform to which requires some care in using the point 
of the brush. When the colored water has once thus flowed 
over the paper, the tint is finished, and musC not be touched 
again ; for if there be any little defect in it, one trial will show 
that any attempt to remedy it while the color is drying, will 
only make it worse. In laying tints of complicated shapes, die 
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operation is much facilitated by first moistening the paper, and 
working upon it just before it dries. As the hand acquires 
skill, it will be found that, generally, tints are better in pro- 
portion as they are more quickly laid on, and with less of color 
in the brush. Should stains or patches occur, however, they 
may be remedied by wetting the whole drawing, and gently 
washing the faulty parts with a brush or soft sponge, and 
repeating the tint lightly, should it be too much reduced by 
washing. Tints that are too strong may be rendered weaker 
by the sponge, in the same manner, and some may even be 
removed entirely. White spots left in a tint may be filled up, 
after it is dry, with the point of the brush, taking care not to 
apply the color where the paper is already tinted, as' that would 
double its intensity, and make a dark spot. The knife should 
never be used for erasing on a tinted drawing, as the color 
si/nJcs^ and becomes intense, wherever the paper is scratched. 

68. After the flat tint it will be necessary to practise the 
alternate or double tint. This consists of two colors, applied 
alternately, their edges being allowed to melt into each other. 
For this purpose, two saucers of tint must be prepared, with a 
brush for each. Begin, as for a flat tint, with one of these 
colors, at the upper outUne of the figure, and having laid on a 
small portion of that tint, take the brush charged with the 
other color, and before the first dries, run around its edge with 
the second, and allow them to blend together, then resume the 
first tint, blending in the same manner, and so on throughout 
the space to be filled. It will be observed that the surface of 
the paper is here treated exactly as if a fiat tint were being 
laid, the color not being allowed to dry anywhere. Each tint 
is spread upon the white paper, and therefore shows itself pure. 
The forms of the masses of each color should be varied, and 
not made in stripes, or spots, but irregularly clouded. Tlie 
tints in this sign should be light, and equal to *each other in 
strength. 

69. For the use of the colors as follows, see Mg. 36 : — 
Water^ a fiat tint of pure Indigo, light colored (a). 

Samd^ a fiat tint of Yellow Ochre (b). 
€tUt/wation, a fiat tint of Burnt Sienna (c). 
Gfrass Lcmd^ or dea/red ground^ a fiat tint of green, composed 
of Indigo and Gamboge, tlie latter predominating (d). 
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UnetUHmted Land^ or Brvshoood^ a double tint of alternate 
green^ as for cleared land, and Burnt Sienna, laid on as de- 
scribed in Panr, 68. This sign may also be made witli alternate 
Green and Crimson Lake, it being the only double tint used (e). 

BvnUmgB^ and in general all masonry, such as bridges, locks, 
walls, &c., are tinted with Crimson Lake, and shadowed with 
a neutral mixture of Indigo, Burnt Sienna, and a little Lake. 
For this, and all other purposes of light and shade, as in forest, 
&c., the light is supposed to enter the drawing at the upper 
left hand comer of the margin, in parallel rays, inclined 45° to 
the horizon. The shadow of any object will, therefore, sur- 
round its lower and right hand outlines. After the shadow has 
been placed, the outlines must be strengthened, by making it a 
heavy black line on the sides opposite the light (f ). Tliis re- 
inforcing the outline is always the last work on the drawing, 
and mujst never be undertaken while any brush-work or tinting 
remains to be done. 

Roads^ Btreets of towns, and all portions of the drawing not 
particularly described, are tinted with Yellow Ochre. 

70. In the signs for Forest <md Mwrsh, some attempt is made 
at a resemblance to the things signified, and a more minute de- 
scription of the method of executing them will be required. 
For forest {Mg. 36, g) the ground is first prepared by laying a 
flat tint of green, exactly as for cleared land. Then with a 
very hard and sharp lead pencil, or a pen with pale ink, groups 
and masses of trees are drawn in oudme, as described in Par. 
66. Then, with Indigo and Gamboge, mixed in the brush to 
the same tint as the ground color ^}ready laid on, but a little 
more intense, each tree and mass of foliage is shaded on the 
right hand and lower portion. An orange tint, made of Gam- 
boge and Burnt Sienna, is then touched upon the side next to 
the light. These two tints should just fill up the outline, the 
green occupying about two thirds of the figure. This finishes 
the tree. It only remains to add the shadow upon the ground, 
which is made and laid on as directed in Par. 69. For single 
trees, as in orchards, the shadow is detached, but in masses of 
foliage, it is laid close to the outline (h). The above is merely 
a formula for this sign, but there is always an opportunity for 
the taste of the draftsman to produce a good effect, by present- 
ing trees somewhat in the manner of landscape painting. 
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71. Mofrah^ as in pen^drawing, is composed of a. mixture of 
the signa for water arid cleared land, which interlace horizon- 
tally, that is, always parallel to the base of the drawing (i). 
The green tint of marsh is first to be liaid in with a Iwiish mode- 
rately charged with the color, for cleared land. In doing this, 
attention must be paid to that part left white, which latter must 
be rather less in quantity than the green, and must resemble it 
in form, projecting its horizontal points into the green, just as 
the green projects into the white. The outer limits of a marsh 
must be made iip of an outline of projecting green points. 
When that is done, a thin shading line must be drawn along 
the Zoi(?er «d^^ of the green. This is composed of Indigo and 
Burnt Sienna, and must be confined within the limits of the 
green tint, and not allowed to touch the white. This finishes 
the land portion of the marsh. The water is represented with 
very light indigo, laid on.in horizontal streaks of varied width, 
just filling up the white space without encroaching on the 
green. The introduction of a single tree here and there assists 
the good eflFect of this sign. 

72. In painting the trees in forest, and shading the banks of 
marsh, &c., it is not necessary to mix tints in a saucer. It will 
be sufficient to rub the three colore. Indigo, Burnt Sienna, and 
Gamboge, side by side uj)on the same plate, and with a proper 
quantity of water in the brush, to mix them to the proper color 
and intensity, so that they may be applied without lying in 
drops upon the paper.. 

73. In regard to the representation of slopes and declivities, 
the principle heretofore laid down, viz. a steep or a gentle slope 
being indicated by a darker or lighter color, must be here fol- 
lowed. The tint used to replace, that produced by the pen- 
lines, is composed of Indigo and Burnt Sienna, when the ground- 
work is green ; and when used over sand, or cultivation, a little 
Lake is added to the mixture in order to neutralize its greenish 
hue. This shade tint is always laid on after .the ground is 
covered with an appropriate sign, and as no hard edges can be 
admitted, the following method is used to avoid them (k) : — 
With clean water in the brush, moisten well the paper along 
the line of the crest of the slope, and before it dries begin in 
the lower edge of the moistened part to lay on the shade of the 
slope. Proceed down the hill with it, laying it on like a flat 
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tint, until the lower limit of the slope is reached^ when, while 
the shade tint is still moist, it must be softened off, or blended, 
with a brush and clean water. K the slope be of great hori- 
zontal extent, its sides may be shaded in successive portions, 
provided no hard edges are left on the tint, because a slope can 
never be finished by once tinting, but requires repeated touch- 
ing, so that the proper depth of shade may be procured, and 
so that all the detailed variations of declivity may be indi- 
cated by corresponding degrees of intensity. Then if the 
joints of the tint are made in different places each time of 
going over, they will not show themselves. This method of 
representing hills is very expeditious, but its effect can be 
much improved by the addition of light shading lines drawn 
with the pen, either with pale ink, or a mixture of Burnt 
Sienna and Indigo. 

74. In reference to the general effect of these tinted topo- 
graphical drawings, two things are to be considered in the 
colors, viz. the quality. of the mixed tints, and the strength or 
intensity of color. Greens should not be of a cold quality, 
such as is produced by too much blue, but of a lively hue, 
which is produced by a predominance of Gamboge. As to in- 
tensity, everything should be subordinate to the condition of 
clearness / next, the tints must be clean, transparent, and rather 
light,. so as not to mask any of the details of the drawing. 
They must be of .sufficient strength, however, to be readily dis- 
tinguished from each other at once, and even a very little 
stronger than necessary so as to allow for fading. 

All tints that are much extended ought to be talancedy that 
is, no one ought to obtrude itself upon the eye by its too great 
intensity. According to the terms of art, everything should 
be " in keeping," and spottiness avoided. Thus forest, brush- 
wood, and cultivation, ought to be kept about equal in strengtli. 
Cleared land, marsh, sand, and water, may be made of equal 
intensity,^ but all a little lighter than the other signs. Tints 
that are of small extent, may be a little exaggerated in inten- 
sity in order that they may be readily distinguished. Build- 
ings, being objects of small extent, and having a certain im- 
portance, require a well marked red tint, shadow, and shaded 
outline. Villages, with their gardens, ^ orchards, &c., should 
generally be represented a little stronger in the tints that com- 
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pose them, than the general tone of the surrounding country 
{Mg. 36, at m). 

76. The order in which the tints for the diflferent signs are 
successively laid on, is a matter for the experience and skill of 
the draftsman to decide. It is generally thought better, in or- 
der to insure a proper balance among them, to begin with the 
lightest. 

76. Cultivated ground is sometimes striped {Fig. 36, at c) in 
the manner of furrows, with lines of red, yellow, blue, or green, 
lightly laid on, and in various directions. 

77. Inclosures are represented as follows. Hedges by green 
dots, varied in size, for bushes, with the shadows. Masonry or 
brick walls, by a line ruled with red. "Wooden fences, bylines 
either ruled or hand-drawn with a pen, containing the neutral 
mixture of Indigo, Burnt Sienna, and Lake (n). 

78. After the delineation of all the topographical features 
heretofore described, the next most important labor of the 
draftsman is the lettering of his map. And in this department 
his responsibility as to the good appearance of his drawing is 
very considerable, for nothing so surely detracts from the value 
of a map, viewed as a work of art, as an awkward and un- 
handsome style of lettering. To make manuscript letters, imi- 
tating t3rpe-printing, requires a great deal of study and prac- 
tice, and to proportion the title and other lettering, so as to suit 
the scale and general effect of a map, is a matter of considera- 
ble importance. As far as written directions can be of service 
in guiding the draftsman in this part of his work, the following 
rules may assist him : 1st, as to the time for lettering. If the 
map is 2Lpen, drawing^ all letters that fall upon the surfaces of 
lakes, rivers, &c., or upon the sides of steep hills, or in a forest, 
should be put upon the drawing before those features are 
drawn, for it is easier to pass their characteristic lines over the 
letters, than to draw the letters upcn the paper already so oc- 
cupied. In a tinted dravmig^ the letters are always the last 
drawn, as a brush cannot be passed over them without blotting. 
2d, as to the size of the letters. This depends upon two things ; 
the importance of the object described, and the scale of tfie 
drawing. The different characters or types of lettering em- 
ployed, are thus arranged in regard to importance : 1st, the 
upright coital; 2d, the inclined capital/ 8d, the upright Ho* 
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man^ or ordinary small type ; and 4tli, the small Italic. The 
first of these characters belongs to such objects as large cities, 
an extensive forest, a bay or gulf, an island, or a considerable 
mountain or river. These same objects, when they are of less 
importance, may be described in inclined capitals, as may also 
a village. A road or canal, in lioman small type, and farms, 
residences, &c., in Italics. In regard to proportioning the size 
of the letters to the scale of the drawing, the following table 
will serve as a general guide, which is all that can be pre- 
tended, as an acquaintance with the way in which this propor- 
tion is arranged in drawings of merit, will furnish the best rules 
of practice : — 



1 

1 

3640 

1 

S»0 

1 



Scale, 



or one in. to fifty ft 
or two ft to one m. 
or one ft to a m. 
or fonr in. to a m. 



Height of upright 
CapitaU. 



Six-tentha of an inch. 



Four 



« 



Three ** 



Two 



(( 



« 



CI 



Height of emtUl Eomufh, 



Tweljre-hundredths of an in. 

Eight 

Six 



(( 



Four 



M 



t( 



« 



« 



The variation in height for each scale, from that of the upright 
capital to the italic, is gradual, and is regulated as above stated 
by the importance of the object. The thickness oi the capi- 
tals, in proportion to the size, is on-e seventh of the height of 
the letter. In lettering a drawing, it is desirable that all the 
names should be in lines parallel to the base. Kivers, roads, 
canals, &c., sometimes require the line of the letters to be both 
oblique and curved ; care must be taken, in such instances, to 
place it so that the words may be easily read without turning 
the drawing. 

79. Thef(yrrrudion of the letters requires great attention and 
study. The beginner must copy from good models, all the 
different kinds of character, and thus acquire a perfect know- 
ledge of the proper proportions and expression of every letter, 
both large and small. He must then exercise himself by draw- 
ing them without a model, in order to acquire manual skill, 
which he cannot be said to have done until he is able to form 
all the letters correctly, and give them their proper symmetry 
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and family resemblance, having for a guide only the. two pen- 
cil lines which limit their height. In making capitals, each 
letter must be fairly sketched in pencil, including the thick- 
ness of the heavy parts ; the outline must then be drawn in ink, 
with a firm and steady line, and afterwards filled up with 
the pen. Whether capitals are upright or inclined, it is well 
to draw a few lines in pencil, parallel to the direction of the 
letters, which will serve as guides in drawing them. When it 
is required that one or more words shall occupy a certain place 
on the paper (as in titles of maps, where the middle points of 
the lines lie upon a vertical line), find the niiddle letter or 
space, and put it in its proper position, then draw the latter 
half of the word or line. Proceed from the centre to the left, 
and draw in the first half, by putting in the letters in inverse 
order. This method often saves repeated trials and erasures. 
For drawing the small roman and italic letters, the same kind 
of study with the pencil is at first required ; but as the heavy 
parts of these are made at once, by a bold pressure upon the 
pen, the operation of making them resembles careful writing. 
As a preparation, three pencil lines are drtiwn, the lower two 
' to form the upper and lower limits of the ordinary letters, and 
the upper one to limit the capitals and the tops of the P^, (?s, 
&c. The parts of these letters are of two kinds, viz. : curved 
and straight^ which should be carefully distinguished from 
each other. For example, a, (?, ^, <?, «, &c., are composed en- 
tirely of curves. They must be symmetrically drawn, and the 
width of the ordinary letter must be only a little less than its 
height. The round part of a g^ does not reach quite to the 
lower line. The letters 6, d^f^ A, m, n, ^, 5', &c., are composed 
both of curved and straight parts. The uprights of these 
letters must be made perfectly straight from top to bottom, 
with a little horizontal return, pointing to the left at the top, 
and at the bottom to the right. The m and n, although curved 
at the top, must be brought down straight to the lower line, 
with a return pointing to the right. These returns must always 
form a sharp angle with the line of the letter, and not be 
ratmded. See Fig. 37 for the application of these rules. The 
letters i, i, Z, v^ w, a?, and 25, being composed entirely of right 
lines, care must be taken to keep their elements straight. The 
beauty. of this kind of manuscript depends more upon the 
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regularity and mutual likeness of the letters, than upon their 
individual character. In . italics, the inclination of the lines 
must be everywhere the same. As compared with clear 
roman or italic type, manuscript lettering ought to occupy 
rather more horizontal space, and always looks better when 
somewhat extended ; crowding it injures its effect very much. 
The little returns at the top and bottom of the straight parts 
may also be inclined a little from the horizontal, the left hand 
extremity of it pointing a little downwards. When executed 
with freedom and regularity, there is a peculiar beauty in let- 
tering with the pen, which does not depend upon a resem- 
blance to printed work. Finallyj the merit of a map as to 
accuracy even, is not safe from doubt, when, however correctly 
drawn, its style of lettering marks a want of knowledge or 
skill in so simple a matter as the formation of the letters of 
one's language. 

80. A map being drawn and lettered, to complete it there 
are Tequired a border, a descriptive title, and the meridian 
line, and the scales. 

81. First. TJie iorder. The taste and fency of the drafts- 
man may sometimes suggest such a composition of lines or 
figures for this purpose, as will greatly embellish a drawing ; 
but if a plain one is required, the style generally adopted is a 
double line, one heavy one on the exterior, and one light inte- 
rior one, the heavy liae having the same breadth as that of the 
blank space between it and the light line. * As the map is gene- 
rally a rectangle, the rule usually followed for proportioning the 
breadth of the border (including the two lines and the space 
between them) is, to make it the one hundredth part of the 
length of the short side of the rectangle. A quill pen, with a 
very broad point (cut off, not square, but by inclining the 
cutting instrument towards the body), and without any splits 
is the best insti'ument for drawing very broad ink lines. 

82. Second. The title. This may be placed outside the bor^ 
der, if it takes up only one line ; but if it requires several, then 
it must be placed within it. The letters composing the name 
of the looalityj which is generally the most important word, 
should not exceed in height three hundredths of the length of 
the short side of the border. The letters of other words are 
varied in size according to the importance of the words they 
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compose. "Hie execution of the title furnishes another oppor- 
tunity to enhance by its ornamental character, the beauty of 
the drawing. It ought to occupy one of the. corners of the 
map, and to have the middle, points of all its lines of words or 
phrases, upon a vertical line. It should state, in small letters, 
the name of the draftsman, the dates of the surveys, and of the 
drawing, and under whose direction executed. 

83. "E^d. The meridiem^ or north cmd south line. This is 
an indispensable adjunct to every topographical drawing or 
map. When the extent of country represented is very consi- 
derable, it is generally managed so as to make the top of the 
sheet the north side of the limits. The upright sides of the 
margin are then north and south lines, and the word " north" 
may be written outside and above the upper borden But if 
the shape of the ground included does not convenieiitly admit 
of this arrangement, then a meridian line must be determined, 
and projected upon the map. The importance of this line is 
evident, as without it no just idea of the situation of the loca- 
lity with reference to the surrounding country can be obtained; 
nor could the drawing be compared, or used in connexion with 
any other map, unless it has this fixed line of direction, which 
is common to all. The true meridian cannot be determined by 
the magnetic needle, which does not always point to the geo- 
graphical pole ; but the following is a very easy way of find- 
ing it by means of a plummet and a watch. At some point 
laid down upon the map, suspend a plumb-line over a table, 
which has been made exactly horizontal. The line should 
hang from the very extremity of a pointed rod, which should 
be inclined about 46® to the table, and directed towards the 
north. The plumb-bob should have a sharp point, which must, 
as nearly as possible, touch the table. At any two moments 
equally distant before and after twelve o'clock, say at 9 A.M. 
and at 3 P.M., mark exactly the extremity of the shadow cast 
by the rod, and from each of these points draw a line to the 
point immediately under the plummet. A line bisecting the 
angle formed by these two liies, will be a true meridian, if 
the watch indicated the true noon, and has not altered its rate 
of going between nine and three o'clock. It is easy to prolong 
the line thus formed, and to project it on the map, either by 
finding upon its prolongation some other point laid down on 
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the map ; or if there be none, by measuring the angle between 
the meridian and a line joining the plummet, and some other 
known point laid down. The meridian may be found without 
using a watch, by marking tiie extremities of two shadows of 
equal leAgth, one cast by the sun before, and the other after 
noon. It is usual to make the meridian Une a conspicuous one^ 
and to ornament its north extremity with some fanciful device, 
though a simple arrow-head, with the letter N, will answer all 
the purpose. 

84. Fourth. The scales. Every drawing should have two 
scales — one the scale of spaces^ from which to deduce the 
degree of declivity, as explained in Po/r. 34, and the other, the 
scale of horizontal distances. They should be carefully mea- 
sured and drawn upon the map, in any convenient position 
within the border. For the scale of distances, the length of 
line measured ought to be between a fourth and a third of the 
long side of the border. 

85. The conventional signs for bridges, roads, &c., and other 
topographical minutise, are exhibited in Mg. 34. The nature 
of each object there represented may, if desirable, be further 
explained by descriptive lettering ; for example, a mill, or fac- 
tory, being indicated by the proper general signs for such ob- 
jects, can better be described in letters as a flour-mill, or cloth 
factory, &c., than by making a different sign for every kind of 
mill. Numerous signs, differing, as they must, very little from 
each other, are either a heavy burden to the memory, or are 
unintelligible without an explanatory table. 

OF SCALES. 

Before projecting upon a map the data collected by a sur- 
vey, it is necessary to decide upon some scale of horizontal 
distances, suited alike to the purposes for which the map is 
intended, and to the nature and amount of detail that it is 
required to represent. If the scale is too small, it banishes 
many details that might be desirable ; if too large, it produces 
an unwieldy drawing. In order that a scale may be a conve- 
nient one for use, it is necessary, on the one hand, that the 
dimensions measured on the ground should be converted, with- 
out calculation, or by an easy effort of the mind, into the cor- 
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responding dimensions on tbe map ; and on the other hand, 
that the dimensions of the ground should be just as easily in- 
ferred from those of the map. 

For example, in the scale of one foot to a thousand feet, or 
T-i-^sj one hundred feet of the ground is represented by one- 
tenth of a foot on the map, or .1, one hundred and fifty feet by 
.16, and one hundred and seventy-eight feet by .178, or 178 
thousandths of a foot, which bears so close a relationship in its 
figures, to the distance measured on the ground, that it can be 
at once taken in the dividers from a scale, which will hereafter 
be described. On the contrary, a scale is inconvenient for use, 
when the denominator of its ratio is such a number as yyV^j or 
eight inches to a mile, or ttIft) which is six inches to one 
mile. The long measure used in our country, viz. miles, 
yards^ feet, and inches, has been the means of retaining these 
arbitrary ratios in use among our draftsmen, but in the service 
of the United States Coast Survey, the decimal scale is adopted 
for all maps. The French long measure being expressed en- 
tirely in decimals, makes the application of the decimal scale 
perfectly appropriate ; but with us, it is easier to estimate dis- 
tances by miles, half miles, and yards, than by thousands or 
hundreds of feet It is proposed to treat of both these kinds 
of scales, and to show how arbitrary ratios may be expressed 
by a diagonal scale of equal parts. 

. There are two scales to be constructed for a map : — One^ the 
scale of distances, which the draftsman puts upon the drawing 
after it is finished, and which is used only in finding and com- 
paring distances on the paper ; the other, the scale of construe- 
tion, intended to furnish the smallest measurements that may 
be required in projecting dimensions on the drawing. 

To construct the scale of distances {Fig. 38), draw a right line 
with the pencil, and supposing, for example, the scale to be 
ttVtj divide it into equal parts, each one tenth of a foot in 
length, lliis ought to be done with the graduated edge of a 
good scale, for though the compasses would give equal divi- 
sions, yet we could not be sure that each one was exactly xV of 
a foot, or that the sum of ten of these would be exactly equal 
to one foot. Above these points of division write the numbers 
0, 100, 200, 300, &c., to 1000. Then 2000, 3000, &c., at intervals 
of a foot. Prolong the measured line on the left of the zero, 
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and lay off the distance of one tenth of a foot, which mnst be 
divided into ten equal parts, and numbered in their order from 
the zero to the left. Put this line in ink, and draw beneath it 
a heavy line, say two-hundredths of an inch wide, and at a dis- 
tance below the first line equal to its width. This heavy line 
should not pass to the left of the zero of the scale. Then with 
a right-line pen, rule the divisions before measured off, drawing 
them perpendicular to, and across both lines of the scale. If 
it should be required, for example, to take from this scale a 
distance of 180 feet, place one foot of the dividers upon the 
point marked 100, and carry the other beyond the zero to the 
left, until it comes to the division marked 8ft The compasses 
will then include the required distance. Any odd number of 
feet will be found by supposing each of the small spaces on the 
left of the zero to be divided into ten equal parts, and placing 
the foot of the compasses accordingly. 

The scale of const/ruction {Fig, 39), being intended to express 
smaller dimensions than the scale of dis#inces, which, it will 
be observed, shows nothing smaller than hundredths of a fcK>t, 
is constructed as follows. After having subdivided and num- 
bered a right line as before, let fall perpendiculars from every 
point of division, then draw ten other lines below, and parallel 
to the first, equidistant from each other. This equal spacing 
may be two tenths of an inch, or less, or more, provided it be 
constant for each space. Now in the space of the -^^ of a 
foot which lies on the left of the zero, di^w the diagonal lines, 
as in the fig., by joining the first division on the left of zero. 
(the point c) with the point J, and drawing through the points 
20, 30, 40, &c., lines parallel to h g. From this construction, and 
the properties of similar triangles, it is evident that that part 
of the line AB (the second line from the bottom), which is in- 
cluded between the sides of the triangle oho^U equal to one- 
tenth of Cj the base of the triangle ; that the corresponding 
part of the third line, CD, is equal to two-tenths of the base, 
^, of the fourth line, it is equal to three-tenths, and so on. 
But the base, c, of the triangle is the jj^ part of a foot, 
therefore the parts of the horizontal lines intercepted by its 
sides are, respectively, ji^j, Tifcrir, Tirvirj &c., of a foot, which i 
fact is expressed by the figures 1, 2, 3, 4, &c., upon those lines. 
If it be required to find from this scale, a distance of Wf'feet. Z^ y 
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place one foot of the diyidere at d, on the vertical line num* 
bered 200, and upon the horizontal line numbered 7, then place 
the other foot at e at the intersection of the same horizontal line 
'^o/ with the diagonal numbered SS, and the distance will corres- 
^ y ^;y^ond to 3£F feet. This is called the diagonal scale of equal parU^ 
and a scale thus constructed is applicable to all decimal ratios, 
the numeration only changing with the ratios. If the distances 
are expressed in other terms than in feet, the top line of the scale 
must be divided according to those terms. For example, if the 
scale were one inch to a hundred feet, the upper line of the 
scale must be divided into inches, and the inch on the left of 
the zero into tenths. Then the ten horizoutal lines, and the 
diagonals, will express hundredths of an inch, or one foot on 
the ground. If, instead of using brass or ivory scales, the 
draftsman makes the scale himself, which is to be preferred, it 
must be made upon a piece of the same paper as the draw- 
ing, so that there will be no unequal variations in the scale and 
drawing, caused by^^eat or moisture, which affect different spe- 
cimens of paper very differently. 

Other^ratios may be expressed on the diagonal scale by the 
following method : Suppose it is required to construct a scale 
of 24 inches to 1 mile, which shall be capable of measuring 
any odd number of feet. The ratio of this scale is y^Virj ^^^ 
is, one foot of the drawing corresponds to 2640 feet on the 
ground. Then one inch of the drawing (and of the scale to be 
constructed) corresponds to ^H^, or 220 feet, and one-tenth of an 
inch to 22 feet Draw the line of the scale as before (Fig. 40), 
divide it into inches, and number the points of division from the 
zero to the right, 0, 220, 440, 660, 880, &c. . Divide the inch 
on the left of the zero into ten equal parts, and number them 
0, 22, 44, 66, 88, 110, &c., from the zero towards the left. Now 
draw elefo&n, parallel and equal-spaced lines below the first one, 
and draw the diagonals in the space on the left of the zero. It 
is evident, from an inspection of this scale, that the parts suc- 
cessively cut off upon the horizontal lines by the sides of the 
triangle ohc are, commencing from the line next to the lowest, 
respectively equal to tVj "i*r> tV? &c., of 22 feet, or the base of 
the triangle, which is one-tenth of an inch, or in other words, 
they are respectively equal to 2, 4, 6, 8, 10, &c., feet. Single 
feet are found by placing the compasses midway between the 
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borizontal lines. This scale is very much inferior, in point of 
conyenience, to the decimal scale, on account of the compli- 
cated numbers which express its divisions, the addition and 
subtraction of which cannot be readily effected by a mere men* 
tal operation. Other scales may be constructed as follows : — 12 
mehes to a rwUe^ or j^ : Divide the line into inches, and num- 
ber the divisions 0, 440, 880, &c. Divide the inch on the left 
of the zero into eight equal parts, each of whicb will be 55 
feet ; draw devefi lines below and parallel to the first line, and 
draw the diagonals. The parts cut off on the horizontals by 
the sides of the triangle, will be successively 5, 10, 15, 20, &c., 
feet. 8 inehes to 1 frdUj or ^^^ : Divide the scale into inches, 
and the left hand inch into ten parts. Draw deven horizontal 
lines below, and the diagonals ; the parts then cut off will be 
6, 12, 18. 24, &c., feet successively. 6 mches to 1 mile^ or 
TTimr' l^ivide the line into inches, and the left hand inch into 
eight equal parts. Draw defven horizontals. The distances cut 
off will be 10, 20, 30, 40, &c., feet. 4 inches to 1 mile^ or ttItt* 
Divide the line into inches, and the left hand inch into eight 
parts. Draw eleven horizontals, and the distances will be suc- 
cessively 15, 30, 45, &c., feet The subdividing qualities of all 
these scales may be increased by augmenting the number of 
the horizontal lines. For example, in the scale of 6 inches to 
1 mile, if there were 22 horizontals instead of eleven, the suc- 
cessive distances would be 5, 10, 15, 20, &c. If the horizon- 
tals were doubled in number in that of 8 inches to a mile, the 
distances would be 3, 6, 9, 12, &c., and if they were trebled in 
the scale of 4 inches to a mile, or made 83 in number, we 
should have distances of 5, 10, 15, 20, &c., feet. 

The reason for drawing eleven horizontals in some of the 
above described scales is, that the number 11 is an exact mul- 
tiple of the number of feet represented by the divisions of that 
part of the line on the left of zero. A great multiple ought 
to be selected, so as to have a convenient number of horizon- 
tals. To take one more example. 5 inches to 1 mUcj or Tihs • 
Here one inch of the scale corresponds to 1056 feet, or i of an 
inch to ^'rr 132 feet. "We divide the inch on the left of the 
zero into eight parts, and for the number of horizontals we 
seek the largest desirable factor of 132, which may be either 
22 or 12. K we draw 22 horizontals^ the distances given by 
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the diagonals will be 6, 12, 18, 24, &c., but if 12 horizontals 
are used, thej will give distances of 11, 22, 33, 44, <fec«, feet. 
It is evident, also, that the inch on the left of zero must be so 
divided, as that the number of its equal parts must be a multiple 
of the number of feet corresponding to the inch, as above. 
1056 is a multiple of 8, and not of 10^ hence we divide the 
inch into eighths, each of which is 132 feet. 

Unless these multiples can be found, the scale cannot be made 
to express whole numbers by its smaller divisions, which is a 
great defect. It is to be hoped 43iat the decimal scale and ratio 
will eventually be adopted. 

' In adopting the scale to the uses of a map the following ge- 
neral proportions may be observed : A map constructed on a 
scale of half an inch to a mile, or ttAtt? "^^ admit the repre- 
sentation of all towns, villages, main roads, the principal cross- 
roads, and every considerable mountain and stream. On a 
scale of one inch to a mile, or ^7(779 besides these, fsuins, 
woods, isolated buildings, every stream of 600 feet in length, 
and every hill of a hundred feet in height, can be represented. 
On a scale of two inches to a mile, or ^tHt? the various fea- 
tures of the ground can be clearly and accurately presented, 
^o every stream of not less than 300 feet in length, every 
pond of more than 50 feet broad, besides all roads, isolated 
buildings, &c. The scale of six inches to a mile, or TiriTT) ^ 
well suited for the complete delineation of a country. Scales 
for projecting experimental surveys for civil purposes very sel- 
dom exceed twelve inches to a mile, or j^j^ . Larger scales 
than these are only used in proportion to the amount of detail 
required. The decimal scales corresponding nearly to these 
are tttVttt, nvhjj ivijfr, t^tt, and -g^j^j^. The smallest publi- 
cation scale of the U. S. Coast Survey is jTrijir^ which is also 
the scale of the new map of France.* 

OF MERIDIANS AND PARALLELS OF LATITUDE. 
In a very extended survey, where latitude and longitude are 

__^ _ , , _ _ , _■■ _ - - — I ■ * 

* The reader is referred to the beautiful maps of the United States Coast 
SuTTey, and to the very elegant detailed map of France, both in oonrse of 
publieatioD^ as admirable illastrationB of topography. 
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considered, it is necessary to project the meridians and paral- 
lels upon the map. K the portion of the country included in 
the survey does not exceed one hundred miles in length and 
breadth, no appreciable distortion of outline will be occasioned 
by drawing straight lines at right angles with each other in 
order to represent them. But if a greater extent of country is 
comprehended, it will be necessary to show the convergence of 
the meridians towards the poles, and the consequent diminution 
in the length of a degree on the higher and smaller circles of 
latitude. The following are two practical methods for determin- 
ing these lines in both cases : — 

Suppose, as in the first of these cases, that A B C D {Mg. 41) 
is the boundary of a topographical map, upon which tie meri- 
dians and parallels of latitude for every tenth minute are to be 
drawn. It is necessary, for this purpose, that the latitude and 
longitude of one point in the map should be known, and the 
direction of the true meridian passing through it determined. 
Suppose the longitude of the point a to be 4** "23' West, and its 
latitude 42° 18' North, its meridian being in the direction SN. 
Draw through a the line WE at right angles with the line SN. 
This will be the parallel of latitude passing through the point 
a. Since the meridian for every tenth minute is required, the 
first one West of a to be determined is that of 4® 30', which is 
seven minutes West of a. The first one to be determined on 
the right is that of 4** 20', which is three degrees East of a. The 
degrees of longitude expressing these distances must be con- 
verted into miles or yards, and then laid down upon the map 
according to the scale of distances. For this purpose the fol- 
lowing tables are used. Table 1 gives the different lengths of 
a degree of longitude, in terms of geographical miles, and table 
2 the same, in terms of statute miles : — 
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TABLE L 

Showing the Length of a Degree of Longvtmde for emery Degree 

of Latibude m Oeographical MUea. 



UL 


Geographical 


Lot. 
2t 


Geographical 


Lat. 
46 


Geographical 


Lat 

69 


Geographieal 





60.00 


56.28 


41.68 


21.61 


1 


59.96 


24 


54.81 


47 


41.00 


70 


20.62 


2 


59.94 


25 


64.88 


48 


40.16 


71 


19.64 


8 


59.92 


26 


64.00 


49 


89.86 


72 


18.55 


4 


59.86 


27 


68.44 


50 


88.67 


78 


17.64 


6 


59.77 


.28 


68.00 


61 


87.78 


74 


16.68 


6 


59.67 


29 


52.48 


62 


87.00 


75 


15.62 


7 


59.56 


80 


51.96 


68 


86.18 


76 


14.61 


8 


59.40 


81 


61.48 


54 


86.26 


77 


18.60 


9 


59.20 


82 


50^8 


66 


84.41 


78 


12.48 


10 


69.08 


88 


60.82 


66 


88.56 


79 


11.46 


11 


58.89 


84 


49.74 


67 


82.07 


80 


10.42 


12 


58.68 


85 


49.15 


68 


81.79 


81 


9.38 


18 


58.46 


86 


48.64 


69 


80.90 


82 


8.35 


14 


58.22 


87 


47.92 


60 


80.00 


88 


7.82 


15 


58.00 


88 


47.28 


61 


29.04 


84 


6.28 


16 


67.60 


89 


46.62 


62 


28.17 


86 


5.28 


VI 


57.80 


40 


46.00 


68 


27.24 


86 


4.18 


18 


57.04 


41 


45.28 


64 


26.80 


87 


8.14 


19 


56.78 


42 


44.96 


66 


26.86 


88 


2.09 


20 


56.88 


48 


43.88 


66 


24.41 


89 


1.06 


21 


56.00 


44 


48.16 


67 


28.46 


90 


0.00 


22 


55.68 


45 


42.48 


68 


22.48 
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TABLE n. 

Showing the Length of a Degree of Longitude for every Degree 

of Latitude in EngUeh Statute Miles. 



Lai. 


Eng, Mile$. 


Lot 
28 


JSng, mi€8. 


Lai. 
46 


JSnff^ Mile$, 


Lot. 
69 


Eng. MUe$, 





69.2000 


68.6986 


48.0705 


24.7992 


1 


69.1896 


24 


68.2177 


47 


47.1944 


70 


23.6678 


2 


69.1578 


25 


62.7167 


48 


46.8088 


71 


22.6294 


8 


69.1062 


26 


62.1968 


49 


45.8994 


72 


21.8842 


4 


69.0312 


27 


61.6579 


60 


44.4811 


78 


20.2320 


5 


68.9868 


28 


61.1001 


61 


48.5489 


74 


19.0743 


6 


68.8208 


29 


60.6287 


52 


42.6087 


76 


17.9108 


7 


68.6845 


80 


69.9298 


53 


41.6463 


76 


16.7409 


8 


68.5267 


81 


59.8162 


54 


40.6761 


77 


15.6665 


9 


68.8481 


82 


58.6861 


65 


89.6917 


78 


14.8874 


10 


68.1489 


88 


58.0860 


56 


88.6969 


79 


18.2041 


11 


67.9288 


84 


57.8696 


67 


87.6891 


80 


12.0166 


la 


67.6880 


85 


66.6852 


68 


86.6706 


81 


10.8250 


18 


67.4264 


86 


55.9842 


69 


86.6408 


82 


9.6306 


u 


67.1448 


87 


55.2669 


60 


84.6000 


88 


8.4334 


16 


66.8424 


88 


54.6303 


61 


88.6489 


84 


7.2.335 


16 

* 


66.6192 


39 


63.7788 


62 


32.4878 


86 


6.0315 


n 


66.1760 


40 


53.0100 


63 


81.4161 


86 


4.8274 


18 


65.8184 


41 


62.2259 


64 


80.3362 


87 


8.6219 


19 


* 66.4300 


42 


51.4263 


66 


29.2468 


88 


2.4151 


20 


66.0265 


43 


50.6094 


66 


28.4464 


89 


1.2075 


21 


64.6087 


44 


49.7783 


67 


27.0385 


90 


0.0000 


22 


64.1609 


45 


48.9313 


68 


26.9230 







If the scale of the survey is in statute miles, the length of a 
degree of longitude, in latitude 42*, will be found in Table 11. 
This length is 51.4253. To find the distance from a to the first 
meridian on the left, which is seven minutes west of a, the 
following proportion is stated : — 
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60' : 51.4253 : : 7' : the required distance, or 5.9996 miles, 
which must be laid off from a to the left^ and the meridian 
drawn through the point J, so found, parallel to NS. This 
will be longitude 4° 30'. To find the distance from a to the 
first meridian on the right, which is three degrees East of a^ 
the following is the proportion to be. stated : — 

60' : 51.4253 : : 3' : the required distance, or 2.5713 miles, which 
must be laid off from a to the rights and the meridian drawn 
as before through the point c so found. Other meridians are 
drawn parallel to NS, and at a distance from each other equal 
to he. The parallels of latitude for every tenth minute are 
determined in the same way, for the parallel WE, being 42° 
18', the first one North, or 42° 20', will be two degrees North of 
a, and the first one South, or 42° 10', will be eight degrees 
South of a. The following proportions may then be stated, 
noting that the length of ev&i'y degree of latitude is sixty geo- 
graphical miles, or 69.2 statute miles : — 

60' : 69.2 : : 2' : the distance North of a, or 2.3 miles. 

60' : 69.2 : : 8' : the distance South of a^ or 9.2 miles. 

Parallels of latitude are drawn through the points d and e, 
thus determined, and others parallel to them, and to WE, at a 
distance apart, equal to de. The above fractional parts of 
miles may be reduced to feet or yards by multiplying the 
decimal fraction by 5280 feet, or 1760 yards. 

In the second case, or where the survey covers a greater 
extent of surface than a hundred miles in length and breadth, 
the meridians must converge, and the parallels of latitude must 
conform to them. The following is a simple construction for 
this purpose, by which any portion of the earth's surface, mea- 
sured by degrees, is represented by a similar portion of the 
map. Suppose the survey to lie between longitudes 1° East 
and 7° West, and 36° and 45° of North latitude, comprising 
eight degrees of longitude, and nine degrees of latitude. Let 
a {Fig. 42) be a point near the middle of the map, whose lati- 
tude is 40° 30' North, and whose longitude is 3° 20' West. It 
is required to draw meridians and parallels for every degree. 
Draw through a the vertical line N S for the meridian passing 
through that point. Find in miles (as before) the distances 
from a to latitude 41° North, and to latitude 40° North. These 
distances — ^taking 69.2 miles for a degree of latitude — are 34.6 
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miles above and below a. The points J and c are thus deter- 
mined, and are points on the parallels of 40° and 41° North 
latitude, and the distance 5 o is one degree of latitude, which 
must be laid off on the line N S, above and below h and ^ 
until the whole extent of survey included by N S is marked off 
in degrees. Determine, as in the first case, the meridians 3° 
and 4° west, by laying off in miles the lengths of 20' to the 
right, and 40' to the left of N and S, which are respectively 
situated in 45° and 36° of North latitude. These distances are, 
at N, by Table II, ]Srrf=16.3437 miles, and N ^=32.6874 
miles, which are laid off on ed perpendicular to NS. At S, 
draw h g perpendicular to N S, and lay off from the table the 
distances 18.6614 mil^ to the right, and 37.3228 miles to the 
left. Then e d and hg will be each one degree of longitude, 
corresponding to the latitudes of 45° and 36° north. Draw the 
lines eh and dg^ and through the points of division on NS 
draw lines perpendicular to N S, and they will divide e h and 
d g into degrees of latitude. The figure ehg d will then be a 
projection of nine degrees of latitude, and one degree of longi- 
tude. Other meridians may be thus determined : — With the 
diagonal distance e g or d h, as a radius, and from g and h as 
centres, describe the arcs i h and I m^ and from d and e as 
centres, with the same radius, describe the arcs n o and pq. 
Now, from the points d and e as centres, and with ^ rf as a 
radius, draw two arcs intersecting i k at r, and i! m at «, and from 
h and g as centres with A ^ as a radius, draw arcs intersecting 
no 2Lit^ and^ q at u. Join r with ^, and a with u^ and divide 
right lines 8 u and r t into degrees of latitude, each equal to 
i (?, and we shall have the meridians and parallels for 2° and 
5** west longitude. Determine the other meridians of the sur- 
vey in the same manner. The parallels of latitude may be 
composed of straight lines from one meridian to another, 
or, their points being determined on the meridians, a eurve 
may be drawn through all those points having the same lati- 
tude. 
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OF THE METHOD OF PROJECTING HORIZONTAL 
0URYE8, FROM THE LEVELS OF CERTAIN POINTS 
DETERMINED BY SURVEY. 

In surveying the ground, for the purpose of tracing upon its 
plan the horizontal curves, the points whose levels are deter- 
mined must be sufficiently numerous and close together, to ad- 
mit, without sensible error, of the supposition that the slope of 
the ground between them is uniform. The folloMring method 
proceeds upon this supposition. Let A 
and C {Fig. 43), be two points on the pro- ^ ^^^^^ "^ .B 

file of the ground, and let the horizontal 
distance (AB) between A and be fifty feet. 
Let the diiferenoe of level between A and C, as determined by 
survey, be ten feet, C being the lowest point. It is required to 
find, upon A C, the points in which horizontal planes, drawn 
one foot apart, and commencing at A, will intersect A C. The 
following proportion will discover this : — 
As the total fall from A to is 
To the horizontal distance A B from A to C, 
So is any partial fall from A towards C 
To its corresponding horizontal distance from A. 
Now A B is 50 feet, and the total fall from A to C is 10 feet, 
then for a partial fall of one foot we shall have 10 ft. : 50 ft. : 
1 ft. : 5 ft., or the horizontal distance from A to that point of 
A C, which is one foot below A : and by laying off 5 feet from 
A towards C, we shall have the intersection of the one-foot 
plane with a line of the ground. Again, 10: 60 :: 2: 10, 
which gives ten feet from A, for the point of intersection of the 
two-foot plane with A : and so on for the other planes. By 
marking out upon the ground squares, or triangles, whose sides 
are of equal and convenient length, determining the levels at 
all the intersections, and reducing all the level's so that they 
may be referred to one point (a horizontal plane drawn through 
such a point is called \hQ plane of reference^ and the levels so 
reduced are called references)^ we can, by the above method, 
find, upon every line, the intersections of any horizontal 
planes. 
But the references, as obtained by the instrument, are 
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scaroelj ever expressed in whole nnmbers ; and whereas it is 
desirable that the planes should be passed at whole numbers 
of feet apart, the labor of stating a proportion to calculate 
every point becomes considerable. This is obviated by the 
following convenient mechanical method,* by which the pro- 
portions, instead of being stated in figures, are presented in 
lines, by means of the properties of similar triangles. 

Let 1, 3, 9, 7 {Ftff. 44), be a portion of ground, projected on 
a scale of 50 feet to an inch. It is 100 feet square, and is sub- 
divided into four squares, of 50 feet sides. Let the references 
of the points 1, 2, 3, &c., be respectively 8.10, 6.30, 7.25, &c., 
as indicated in the figure. These levels are expressed in feet, 
and are referred to a horizontal plane 2.5 feet above the point 
o ; which is the highest point of the ground. It is required 
now to trace the intersections of horizontal planes, which shall 
be 8, 4, 6, 6, &c., feet below the plane of Teference. Let us 
begin with the line 5, 6, Draw the line A B {Fig, 45), equal 
to the line 5, 6, or, according to the scale, fifty feet in length. 
Then let fall from A & B, two perpendiculars, A D & B C. 
Divide these perpendiculars into equal parts, say, each one 
tenth of A B, and join the opposite points of division, forming 
the ladder-like figure A B G D. Number the horizontal lines 
firom B downwards, in quarters of unity, viz. : .25, .50, .75, 
1, 1.25, 1.50, &c., &c., so as to include the greatest number of 
feet the ground will probably descend, from station to station. 
In the present case 7.50 will suflSce. Cut from a piece of stift* 
paper a narrow strip like E F, making the edge E F accurately 
straight. Fasten the line E F to the point B, by means of a 
fine needle, so as to conceal as little as possible of the comer at 
B, and the instrument is ready for use. Beginning at the cen- 
tral point, 5 {Fig. 44), it will be observed that the three-foot 
curve is .5, or half a foot below it ; the four-foot curve is 1.5 
feet below it; the five-foot 2.5, and the six-foot 3.5 below it. 
The total ihll from the point 5 to the point 7, is 6.50-2.50, or 4 
feet. Then the edge E F {Fig. 45), of the strip must be placed 
so that the line E F will be drawn from B to G, on the horizon- 
tal line marked 4, corresponding with the difference of level 



* Industrial Drawing. D. fi. MaIiml 
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between stations 5 & 6. The strip must be secured in this 
position by a pin near E. Now from station 5, the first partial 
fall we wish to find, is from reference 2.50, to the three-foot 
cnrve, or .6 of a foot. 

The proportion is, — ^Total fall from sta. 6 to sta. 6, is to 

Distance from sta. 5 to sta. 6, as 
Partial fall, is to the distance required, 
or, by the instrument, AG, (or B H) : H G : : B i : i k. Hence, 
to find the horizontal distance corresponding to the partial fall 
of ,5, we have only to measure on the horizontal marked .50, 
its length injcluded between B H and E F {Fig. 45), and lay it 
off on the line 5, 6, {Fig. 44), from 5, towards 6. This will be 
a point of the three-foot curve. The next point, that of the 
four-foot curve, is 1.5 feet below station 5. Take the length of 
the line marked 1.50, included between B H cfe E F, and lay it 
off from 5, towards 6. The five-foot curve lies 2.5 feet below 
station 5 ; then we take the part of the line 2.5 included between 
B H & E F, and lay it off as before. The six-f(5ot curve being 
3.5 feet below, we measure and lay off* a similar part of the line 
marked 3.5. This finishes the division of the line between sta. 
5 to sta. 6, and gives points of the three, four, five, and six-foot 
curves ; which must be marked (3) (4) (5) (6). Points of the 
curves on other lines are determined in the same manner. For 
example, from sta. 5 to sta. 4, the total fall is 6.50 feet. Set 
the edge E F, from B to L, on the line marked 6.50, and mea- 
sure and lay off successively from 5 towards 4, the parts in- 
cluded between E F & B M, of the lines marked .50, 1.50, 2.50, 
3.50. 4.50, 5.50. The station 4, having a reference of 9 feet, is 
itself a point of the nine-foot curve. Find the points thus, 
upon every line of the figure, and draw the curves through the 
l^oints so determined, taking care to give them their proper 
curvature from point to point. If the total fall from station to 
station is expressed in smaller fractions than .25, as for exam- 
ple from sta. 5 to sta. 2, where it is 3.80 ; then the line E F 
must be placed at a point between 3.75 and 4, but nearer to 
3.75 : or else the line B C may be divided and numbered, so as 
to show smaller fractions than J. 

In case tlie great irregularity of the ground should require 
intermediate levels and references, a distance must be laid off 
from B towards A, making N B equal to the horizontal distance 
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between these secondary points and the primary ones, and the 
line N O drawn, and used for these, instead of the line A D, 
which latter is used for all the regular distances of the survey. 



OF THE METHOD OF PKOJECTING HORIZONTAL 
OTJEVES OF THE GROUND UNDER WATER. 

In surveying a harbor, or any extensive body of water, flag- 
buoys are stationed at convenient points, and their positions, 
their distances from each other, and from some points on the 
shore at the water line, accurately surveyed and projected on 
the map. Soundings are taken along these connecting lines, 
keeping the intervals of the soundings exactly equal between 
any two of the stations, though they may vary for diflferent 
lines. In order to determine the curves of the bottom, it is 
necessary to distribute the soundings of each line, equally 
throughout its length. Suppose {Fig, 34, " soundings") the 
line between the two buoys to be one of the projected lines, 
and that its length is 630 feet. Tlie number of recorded 
soundings corresponding to that line is 22, including the 
soundings at the buoys. This will give 21 intervals between 
the soundings. Then the line must be divided into 21 equal 
parts, of 30 feet each. Mark the points of division on the 
line, and write opposite to each point its corresponding sound- 
ing. The points of any desired curve may now be found : — for 
example, the six-foot and nine-foot curves will pass through 
the points 6 and 9, the twelve-foot and fifteen-foot curves will 
pass midway between the points Hi and 124, and 14^ and 
15i, respectively. In the same manner other lines of sound- 
ings may be divided, and points of the curves determined. 
Through all the points so found, the curves are drawn, after 
which they are numbered (as in the figure) at a suflScient num- 
ber of places. 

The following easy method of dividing a line into any 
number of equal parts, wiU save the labor of measuring, or 
dividing by trial. Cut a strip of drawing paper, the edge 
A B of which (Mg. 454) is graduated in equal divisions. If 
it be required to divide the line c d into nineteen equal parts, 
place the strip so that its edge A B shall make a convenient 




) with e d, and so that the zero of its graduation shall 
coincide with the point c. Secure the strip in this position. 
Now join thp point d with the point 19 of the scale A B, 
and draw, parallel to 19 d, lines through all the inferior 
points of the graduation, and these lines will cut c d into 
nineteen equal parts. 



PROBLEMS OONITECrrED "WITH THE KEDTJCmON, EN- 
LARGDTQ, AND COPYING OF MAPS OE PLANS. 

Frobleu I. 

To CoTtstmct a Squwre that shall he a Mvlt^le of any given 



Let A B C I) {Fig. 46) be the given square, and let it be 
required to construct a square that sh^l contain 2, 3, 4, 
&c., times its surface. Draw the 
diagonal B D, and make B a equal 
to B D — then the square described JTj.*fl 
upon B a, will be double the square 
A B C D. Lay off A E, equal to *'" 
B a, and draw B E, then the square 
described upon B E, or B h, will be 
tliree times the square A B C D. 
In the same manner, lay off A F i 
eqnal to B 6, and the square described upon B F, or B c, will 
be four times the square A B D, and so for any multiple of 
the square A B C D. 
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Pboblem n. 



To Construct a Sqym^e that %haJl "be equal to i, i, <bc.^ of 

amy gvoen Sgua/re. 



Let AB C D {Fig. 47) be the given 
square. On A B, as a diameter, de- 
scribe the semi-circle A H B, and 
erect, at the centre E, the perpendicular 
E H. Draw B H, and it wiU be the 
side of a square equal to one-half of 
A B C D. Lay off F B, equal to one- 
fourth of A B, and erect the perpen- 
dicular F I, then the square described 
upon I B will be equal to one-fourth 
of A B C D. Li the same manner, a 
square may be constructed, equal to 
any part of A B D. 




Problem HI. 

To Construct a Squa/re that shall he in any Proportion to a 

gi/ven Square, 



Let A B G D {Fig. 48) be the 
given square. It is required to con- 
struct a square which shall be to 
A B C D as 2 is to 5. Upon the side 
A B as a diameter, describe the semi- 
circle A G B, and divide the line 
A B into five equal parts. At the 
second point of division, errict the 
perpendicular F G, and join A G^ — 
the square described upon A G will 
be to the given square A B C D as 2 
is to 5. 
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Pboblebc IV. 



To Construct typon a gi/oen Sase^ a Rectcmgle^ which shaU he 

dmUa/r to a given Rectcmgle. 

Let A E F G be the given rectangle. It is required to 
construct npon the base 
A B, one that shall be 
similar to A E F B. Pro- 
long A E, and lay off the 
given base from A to B. 
Draw the diagonal A G, p 
and prolong it indefinitely. 
Erect a perpendicular to 
A B, at B, and at the 
point Dj where it inter- 
sects the prolonged diago- 
nal, let fall D C, perpendicular to A F produced. Then 
A B C D will be similar to A E F G. All rectangles having 
their diagonals in the same line are similar. 
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